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ALPHA-NUMERIC  INDEX 


LOW-POWER  SCHOTTKY  MSI/LSI  AND  INTERFACE  PRODUCTS 

Product  Description  Page 

Am25LS07  Six-Bit  Register;  Common  Enable    3-3 

Am25LS08  Four-Bit  Register;  Common  Enable   3-3 

Am25LS09  Four-Bit  Register;  Multiplexer  Inputs   3-7 

Am25LS14  Eight-Bit  Serial/Parallel  Two's  Complement  Multiplier   3-11 

Am25LS15  Four-Bit  Serial/Parallel  Adder  Subtracter   3-16 

Am25LS22  Eight-Bit  Serial/Parallel  Register;  Sign  Extend    3-20 

Am25LS23  Eight-Bit  Universal  Shift  Register;  Synchronous  Clear    3-26 

Am25LS138  One-of-Eight  Decoder/Demultiplexer   3-30 

Am25LS139  Dual  One-of-Four  Decoder/Demultiplexer    3-34 

Am25LS148  Priority  Encoder;  Eight-Line  to  Three-Line   3-39 

Am25LS151  Eight-Input  Multiplexer   3-44 

Am25LS153  Dual-Four-Input  Multiplexer   3-50 

Am25LS157  Quad  Two-Input  Multiplexer;  Non-Inverting   3-55 

Am25LS158  Quad  Two-Input  Multiplexer;  Inverting    3-55 

Am25LS160A  Synchronous  BCD  Decade  Counter;  Asynchronous  Clear   3-59 

Am25LS161A  Synchronous  Four-Bit  Binary  Counter;  Asynchronous  Clear   3-59 

Am25LS162A  Synchronous  BCD  Decade  Counter;  Synchronous  Clear   3-59 

Am25LS163A  Synchronous  Four-Bit  Binary  Counter;  Synchronous  Clear   3-59 

Am25LS164  Eight-Bit  Serial-ln,  Parallel-Out  Shift  Register   3-64 

Am25LS168A  Synchronous  BCD  Decade  Up-Down  Counter;  Programmable   3-69 

Am25LS169A  Synchronous  Four-Bit  Binary  Up-Down  Counter;  Programmable   3-69 

Am25LS174  Six-Bit  Register;  Common  Clear    3-81 

Am25LS175  Quad  Register;  Common  Clear    3-81 

Am25LS181  Four-Bit  ALU/Function  Generator    3-85 

Am25LS190  BCD  Decade  Up-Down  Counter;  Down-Up  Mode  Control   3-93 

Am25LS191  Four-Bit  Binary  Up-Down  Counter;  Down-Up  Mode  Control    3-93 

Am25LS192  BCD  Decade  Up-Down  Counter;  Dual  Clocks    3-99 

Am25LS193  Four-Bit  Binary  Up-Down  Counter;  Dual  Clocks   3-99 

Am25LS194A  Four-Bit  Register;  Shift  Right,  Left  or  Parallel  Load  3-105 

Am25LS195A  Four-Bit  Register;  Shift  Right  or  Parallel  Load   3-105 

Am25LS240  Octal  Bus  Driver;  Inverting,  Three-State  Outputs  3-110 

Am25LS241  Octal  Bus  Driver;  Non-Inverting,  Three-State  Outputs  3-114 

Am25LS242  Octal  Three-State  Bus  Transceiver  3-118 

Am25LS243  Octal  Three-State  Bus  Transceiver  3-118 

Am25LS244  Octal  Three-State  Buffer  3-114 

Am25LS251  Eight-Input  Multiplexer;  Three-State  Outputs   3-44,3-124 

Am25LS253  Dual  Four-Input  Multiplexer;  Three-State  Outputs  3-50,  3-125 

Am25LS257  Quad  Two-Input  Multiplexer;  Non-Inverting,  Three-State  Outputs  3-126 

Am25LS258  Quad  Two-Input  Multiplexer;  Inverting,  Three-State  Outputs  3-126 

Am25LS273B  Octal  D-Register;  Common  Clear  (Buffered  Outputs)  3-131 

Am25LS281  Four-Bit  Parallel  Accumulator  3-136 

Am25LS299  Eight-Bit  Universal  Shift  Register;  Asynchronous  Clear   3-145 

Am25LS322  See  Am25LS22  3-20 

Am25LS323  See  Am25LS23  3-26 

Am25LS373  Octal  Transparent  Latch;  Three-State  Outputs  3-154 

Am25LS374  Octal  D-Register;  Three-State  Outputs  3-158 

Am25LS377B  Octal  D-Register;  Common  Enable  (Buffered  Outputs)  3-163 

Am25LS378  Six-Bit  Register,  Common  Enable  3-168 

Am25LS379  Four-Bit  Register,  Common  Enable  3-168 

Am25LS381  Four-Bit  ALU/Function  Generator  (20  pir.  25LS1 81)   3-173 

Am25LS384  See  Am25LS14  3-11 

Am25LS385  SeeAm25LS15  3-16 
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Am25LS388  See  Am25LS251 8  3-217 

Am25LS399  Four-Bit  Register,  Multiplexed  Inputs   3-190 

Am25LS533  Octal  Transparent  Latch;  Three-State  Outputs  (Inv.)  3-154 

Am25LS534  Octal  D-Register;Three-State  Outputs  (Inv.)   3-158 

Am25LS668  See  Am25LS168A    3-69 

Am25LS669  See  Am25LS169A    3-69 

Am25LS2513  Priority  Encoder;  Three-State  Outputs,  Eight-Line  to  Three-Line   3-199 

Am25LS2516  Eight-Bit  by  Eight-Bit  Multiplier  Accumulator  3-205 

Am25LS2517  Four-Bit  ALU/Function  Generator;  Overflow  Detection  3-173,  3-216 

Am25LS2518  Quad  Register  with  Standard  and  Three-State  Outputs  3-217 

Am25LS2519  Quad  Register  with  Dual  Three-State  Outputs   3-222 

Am25LS2520  Octal  D-Register;  Common  Clear  and  Enable,  Three-State  Outputs  3-227 

Am25LS2521  Eight-Bit  Comparator   3-232 

Am25LS2524  Registered  Comparator  3-236 

Am25LS2525  System  Clock  Generator  and  Driver  3-237 

Am25LS2535  Eight-Bit  Multiplexer,  Control  Storage  3-238 

Am25LS2536  Eight-Bit  Decoder;  Control  Storage  3-243 

Am25LS2537  One-of-Ten  Decoder;  Three-State  Outputs   3-247 

Am25LS2538  One-of-Eight  Decoder;  Three-State  Outputs  3-252 

Am25LS2539  Dual  One-of-Four  Decoder;  Three-State  Outputs  3-257 

Am25LS2568  BCD  Decade  Up-Down  Counter;  Three-State  Outputs  3-262 

Am25LS2569  Four-Bit  Binary  Up-Down  Counter;  Three-State  Outputs   3-262 

Am26LS29  Quad  Driver  RS-423,  Three  State  3-268 

Am26LS30  Quad  Driver  RS-422/423   3-268 

Am26LS31  Quad  Driver  RS-422,  High-Speed  3-274 

Am26LS32  Quad  Differential  Line  Receiver  RS-422/423   3-278 

Am26LS33  Quad  Differential  Line  Receiver,  High  Common  Mode  3-278 

Am2905  Quad  Two-Input  OC  Bus  Transceiver  with  Three-State  Receiver  3-295 

Am2906  Quad  Two-Input  OC  Bus  Transceiver  with  Parity  3-301 

Am2907  Quad  Bus  Transceiver  with  Three-State  Receiver  and  Parity  3-307 

Am2915A  Quad  Three-State  Bus  Transceiver  with  Interface  Logic  3-313 

Am2916A  Quad  Three-State  Bus  Transceiver  with  Interface  Logic  3-319 

Am291 7A  Quad  Three-State  Bus  Transceiver  with  Interface  Logic  3-325 

Am54LS138  One-of-Eight  Decoder/Demultiplexer   3-20 

Am54LS139  Dual  One-of-Four  Decoder/Demultiplexer    3-34 

Am54LS148  Priority  Encoder;  Eight-Line  to  Three-Line   3-39 

Am54LS151  Eight-Input  Multiplexer   3-44 

Am54LS153  Dual-Four-lnput  Multiplexer   3-50 

Am54LS157  Quad  Two-Input  Multiplexer;  Non-Inverting   3-55 

Am54LS158  Quad  Two-Input  Multiplexer;  Inverting    3-55 

Am54LS160A  Synchronous  BCD  Decade  Counter;  Asynchronous  Clear   3-59 

Am54LS161A  Synchronous  Four-Bit  Binary  Counter;  Asynchronous  Clear   3-59 

Am54LS162A  Synchronous  BCD  Decade  Counter;  Synchronous  Clear   3-59 

Am54LS163A  Synchronous  Four-Bit  Binary  Counter;  Synchronous  Clear   3-59 

Am54LS164  Eight-Bit  Serial-ln,  Parallel-Out  Shift  Register   3-64 

Am54LS168A  Synchronous  BCD  Decade  Up-Down  Counter;  Programmable   3-69 

Am54LS169A  Synchronous  Four-Bit  Binary  Up-Down  Counter;  Programmable    3-69 

Am54LS174  Six-Bit  Register;  Common  Clear    3-81 

Am54LS175  Quad  Register;  Common  Clear    3-81 

Am54LS181  Four-Bit  ALU/Function  Generator   3-85 

Am54LS190  BCD  Decade  Up-Down  Counter;  Down-Up  Mode  Control   3-93 

Am54LS191  Four-Bit  Binary  Up-Down  Counter;  Down-Up  Mode  Control    3-93 
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Am54LS192  BCD  Decade  Up-Down  Counter;  Dual  Clocks    3-99 

Am54LS193  Four-Bit  Binary  Up-Down  Counter;  Dual  Clocks   3-99 

Am54LS194A  Four-Bit  Register;  Shift  Right,  Left  or  Parallel  Load  3-105 

Am54LS195A  Four-Bit  Register;  Shift  Right  or  Parallel  Load   3-105 

Am54LS240  Octal  Bus  Driver;  Inverting,  Three-State  Outputs  3-110 

Am54LS241  Octal  Bus  Driver;  Non-Inverting,  Three-State  Outputs  3-114 

Am54LS242  Octal  Three  State  Bus  Transceiver  3-118 

Am54LS243  Octal  Three-State  Bus  Transceiver  3-118 

Am54LS244  Octal  Three-State  Buffer  3-114 

Am54LS245  Octal  Bus  Transceiver  (Alternate  recommendation)  3-123 

Am54LS251  Eight-Input  Multiplexer;  Three-State  Outputs   3-44,  3-124 

Am54LS253  Dual  Four-Input  Multiplexer;  Three-State  Outputs  3-50,  3-125 

Am54LS257  Quad  Two-Input  Multiplexer;  Non-Inverting,  Three  State  Outputs  3-126 

Am54LS258  Quad  Two-Input  Multiplexer;  Inverting,  Three-State  Outputs  3-126 

Am54LS273B  Octal  D-Register;  Common  Clear  (Buffered  Outputs)   3-131 

Am54LS281  Four-Bit  Parallel  Accumulator  3-126 

Am54LS299  Eight-Bit  Universal  Shift  Register;  Asynchronous  Clear   3-145 

Am54LS322  See  Am25LS22  3-20 

Am54LS323  See  Am25LS23  3-26 

Am54LS348  Three-State  Priority  Encoder  (Alternate  Recommendation)  3-153 

Am54LS373  Octal  Transparent  Latch;  Three-State  Outputs  3-154 

Am54LS374  Octal  D-Register;  Three-State  Outputs  3-158 

Am54LS377B  Octal  D-Register;  Common  Enable  (Buffered  Outputs)  3-163 

Am54LS378  Six-Bit  Register,  Common  Enable  3-168 

Am54LS379  Four-Bit  Register,  Common  Enable  3-168 

Am54LS381  Four-Bit  ALU/Function  Generator  (20  pin  25LS181   3-173 

Am54LS382  Four-Bit  ALU/Function  Generator  (See  Am25LS251 7)  3-173 

Am54LS384  See  Am25LS14  3-11 

Am54LS385  See  Am25LS15  3-16 

Am54LS388  See  Am25LS251 8  3-217 

Am54LS399  Four-Bit  Register,  Multiplexed  Input   3-190 

Am54LS424  See  Am8224   3-195 

Am54LS533  Octal  Transparent  Latch;  Three-State  Outputs  (Inv.)  3-154 

Am54LS534  Octal  D-Register;  Three-State  Outputs  (Inv.)   3-158 

Am54LS568  See  Am25LS2568  3-262 

Am54LS569  See  Am25LS2569  3-262 

Am54LS668  Synchronous  BCD  Decade  Up-Down  Counter;  Programmable  3-197 

Am54LS669  Synchronous  Four-Bit  Binary  Up-Down  Counter;  Programmable  3-197 

Am74LS138  One-of-Eight  Decoder/Demultiplexer   3-30 

Am74LS139  Dual  One-of-Four  Decoder/Demultiplexer    3-34 

Am74LS148  Priority  Encoder;  Eight-Line  to  Three-Line   3-39 

Am74LS151  Eight-Input  Multiplexer   3-44 

Am74LS153  Dual-Four-Input  Multiplexer   3-50 

Am74LS157  Quad  Two-Input  Multiplexer;  Non-Inverting   3-55 

Am74LS158  Quad  Two-Input  Multiplexer;  Inverting    3-55 

Am74LS160A  Synchronous  BCD  Decade  Counter;  Asynchronous  Clear   3-59 

Am74LS161A  Synchronous  Four-Bit  Binary  Counter;  Asynchronous  Clear   3-59 

Am74LS162A  Synchronous  BCD  Decade  Counter;  Synchronous  Clear   3-59 

Am74LS163A  Synchronous  Four-Bit  Binary  Counter;  Synchronous  Clear   3-59 

Am74LS164  Eight-Bit  Serial-ln,  Parallel-Out  Shift  Register   3-64 

Am74LS168A  Synchronous  BCD  Decade  Up-Down  Counter;  Programmable   3-69 

Am74LS169A  Synchronous  Four-Bit  Binary  Up-Down  Counter;  Programmable   3-69 
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Am74LS174  Six-Bit  Register;  Common  Clear    3-81 

Am74LS175  Quad  Register;  Common  Clear    3-81 

Am74LS181  Four-Bit  ALU/Function  Generator    3-85 

Am74LS190  BCD  Decade  Up-Down  Counter;  Down-Up  Mode  Control   3-93 

Am74LS191  Four-Bit  Binary  Up-Down  Counter,  Down-Up  Mode  Control    3-93 

Am74LS192  BCD  Decade  Up-Down  Counter;  Dual  Clocks    3-99 

Am74LS193  Four-Bit  Binary  Up-Down  Counter;  Dual  Clocks   3-99 

Am74LS194A  Four-Bit  Register;  Shift  Right,  Left  or  Parallel  Load  3-105 

Am74LS195A  Four-Bit  Register;  Shift  Right  or  Parallel  Load   3-105 

Am74LS240  Octal  Bus  Driver;  Inverting,  Three-State  Outputs  3-110 

Am74LS241  Octal  Bus  Driver;  Non-Inverting,  Three-State  Outputs  3-114 

Am74LS242  Octal  Three-State  Bus  Transceiver  3-118 

Am74LS243  Octal  Three-State  Bus  Transceiver  3-118 

Arn74LS244  Octal  Three- State  Buffer  3-114 

Am74LS245  Octal  Bus  Transceiver  (Alternate  Recommendation)  3-123 

Am74LS251  Eight-Input  Multiplexer;  Three-State  Outputs  3-124 

Am74LS253  Dual  Four-Input  Multiplexer;  Three-State  Outputs   3-125 

Am74LS257  Quad  Two-Input  Multiplexer;  Non-Inverting,  Three-State  Outputs  3-126 

Am74LS258  Quad  Two-Input  Multiplexer;  Inverting,  Three-State  Outputs  3-126 

Am74LS273B  Octal  D-Register;  Common  Clear  (Buffered  Outputs)  3-131 

Am74LS281  Four-Bit  Parallel  Accumulator  3-136 

Am74LS299  Eight-Bit  Universal  Shift  Register,  Asynchronous  Clear   3-145 

Arn74LS322  See  Am25LS22  3-20 

Am74LS323  See  Am25LS23  3-26 

Am74LS348  Three-State  Priority  Encoder   3-153 

Am74LS373  Octal  Transparent  Latch;  Three-State  Outputs  3-154 

Am74LS374  Octal  D-Register;  Three-State  Outputs  3-158 

Am74LS377B  Octal  D-Register;  Common  Enable  (Buffered  Outputs)  3-163 

Am74LS378  Six-Bit  Register,  Common  Enable  3-168 

Am74LS379  Four-Bit  Register,  Common  Enable  3-168 

Am74LS381  Four-Bit  ALU/Function  Generator  (20  pin  25LS181)   3-173 

Am74LS382  Four-Bit  ALU/Function  Generator  (See  Am25LS251 7)  3-173 

Am74LS384  See  Am25LS14  3-11 

Am74LS385  See  Am25LS15  3-16 

Am74LS388  See  Am25LS251 8  3-21 7 

Am74LS399  Four-Bit  Register,  Multiplexed  Inputs   3-190 

Am74LS424  See  Am8224   3-195 

Am74LS533  Octal  Transparent  Latch;  Three-State  Outputs  (Inv.)  3-154 

Am74LS534  Octal  D-Register;  Three-State  Outputs  (Inv.)   3-158 

Am74LS568  See  Am25LS2568  3-1 96 

Am74LS569  See  Am25LS2569  3-196 

Am74LS668  Synchronous  BCD  Decade  Up-Down  Counter;  Programmable  3-1 97 

Am74LS669  Synchronous  Four-Bit  Binary  Up-Down  Counter;  Programmable  3-197 
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Am25S05  Four-Bit  by  Two-Bit  2's  Complement  Muliplier   4-3 

Am25S07  Hex/Quad  Parallel  D  Register  with  Register  Enable    4-9 

Am25S08  Hex/Quad  Parallel  D  Register  with  Register  Enable    4-9 

Am25S09  Quad  Two-Input,  High-Speed  Register   4-29 

Am25S10  Four-Bit  Shifter  with  Three-State  Outputs    4-33 

Am25S18  Quad  D  Register  with  Standard  and  Three-State  Outputs   4-47 

Am26S02  Schottky  Dual  Retriggerable,  Resettable  Monostable  Multivibrator   4-51 

Am26S10  Quad  Bus  Transceiver   4-55 

Am26S11  Quad  Bus  Transceiver   4-55 

Am26S12  Quad  Bus  Transceiver   4-60 

Am26S12A  Quad  Bus  Transceiver   4-60 

Am54S138  3-Line  to  8-Line  Decoder/Demultiplexer   4-65 

Am54S139  Dual  2-Line  to  4-Line  Decoder/Multiplexer   4-69 

Am54S151  Eight-Input  Multiplexer   4-73 

Am54S153  Dual  4-Line  to  1  -Line  Data  Selectors/Multiplexer   4-77 

Am54S157  Quadruple  2-Line  to  1 -Line  Data  Selector/Multiplexer   4-81 

Am54S158  Quadruple  2-Line  to  1-Line  Data  Selector/Multiplexer   4-81 

Am54S160  BCD  Decade/Four-Bit  Binary  Counter    4-85 

Am54S161  BCD  Decade/Four-Bit  Binary  Counter    4-85 

Am54S174  Hex  Quadruple  D-Type  Flip-Flop  with  Clear   4-89 

Am54S175  Hex  Quadruple  D-Type  Flip-Flop  with  Clear   4-89 

Am54S181  Four-Bit  Arithmetic  Logic  Unit/Function  Generator   4-93 

Am54S194  Four-Bit  High-Speed  Shift  Register   4-99 

Am54S195  Four-Bit  High-Speed  Shift  Register   4-99 

Am54S240  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am54S241  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am54S242  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am54S243  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am54S244  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am54S251  Eight-Input  Multiplexers   4-73 

Am54S253  Dual  4-Line  to  1 -Line  Data  Selector/Multiplexer   4-77 

Am54S257  Quadruple  2-Line  to  1-Line  Data  4-108 

Am54S258  Quadruple  2-Line  to  1-Line  Data  4-108 

Am54S350  Four-Bit  Shifter  with  Three-State  Outputs   4-112 

Am54S373  Octal  Latch  with  Three-State  Outputs  4-114 

Am54S374  8-Bit  Register  with  Three-State  Outputs  4-115 

Am54S378  Hex/Quad  Parallel  D  Registers  with  Register  Enable   4-116 

Am54S379  Hex/Quad  Parallel  D  Registers  with  Register  Enable   4-116 

Am54S388  Quad  D  Register  with  Standard  and  Three-State  Outputs  4-118 

Am54S399  Quad  Two-Input,  High-Speed  Register  4-120 

Am54S412  See  Am8212   4-122 

Am54S533  Octal  Latch  with  Three-State  Outputs  (Inv.)   4-114 

Am54S534  Octal  Register  with  Three-State  Outputs  (Inv.)  4-115 

Am74S138  3-Line  to  8-Line  Decoder/Demultiplexer   4-65 

Am74S139  Dual  2-Line  to  4-Line  Decoder/Demultiplexer   4-69 

Am74S151  Eight-Input  Multiplexers   4-73 

Am74S153  Dual  4-Line  to  1 -Line  Data  Selector/Multiplexer   4-77 

Am74S157  Quadruple  2-Line  to  1-Line  Data  Selector/Multiplexer   4-81 

Am74S1 58  Quadruple  2-Line  to  1  -Line  Data  Selector/Multiplexer   4-81 
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Am74S160  BCD  Decade/Four-Bit  Binary  Counter    4-85 

Am74S1 61  BCD  Decade/Four-Bit  Binary  Counter    4-85 

Am74S174  Hex/Quadruple  D-Type  Flip-Flop  with  Clear    4-89 

Am74S1 75  Hex/Quadruple  D-Type  Flip-Flop  with  Clear    4-89 

Am74S181  Four-Bit  Arithmetic  Logic  Unit/Function  Generator   4-93 

Am74S194  Four-Bit  High-Speed  Shift  Register   4-99 

Am74S195  Four-Bit  High-Speed  Shift  Register   4-99 

Am74S240  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am74S241  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am74S242  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am74S243  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am74S244  Octal  Buffer/Line  Driver/Line  Receiver  with  Three-State  Outputs  4-103 

Am74S251  Eight-Input  Multiplexers   4-73 

Am74S253  Dual  4-Line  to  1  -Line  Data  Selector/Multiplexer   4-77 

Am74S257  Quadruple  2-Line  to  1-Line  Data  4-108 

Am74S258  Quadruple  2-Line  to  1-Line  Data  4-108 

Am74S350  Four-Bit  Shifter  with  Three-State  Output   4-112 

Am74S373  Octal  Latch  with  Three-State  Outputs  4-114 

Am74S374  8-Bit  Register  with  Three-State  Outputs  4-115 

Am74S378  Hex/Quad  Parallel  D  Registers  with  Register  Enable   4-116 

Am74S379  Hex/Quad  Parallel  D  Registers  with  Register  Enable   4-116 

Am74S388  Quad  D  Register  with  Standard  and  Three-State  Outputs  4-118 

Am74S399  Quad  Two-Input,  High-Speed  Register  4-120 

Am74S412  SeeAm8212   4-122 

Am74S533  Octal  Latch  with  Three-State  Outputs  (Inv.)   4-114 

Am74S534  Octal  Register  with  Three-State  Outputs  (Inv.)  4-115 

Am3212  Eight-Bit  Input/Output  Port   4-123 

Am8T26  Schottky  Three-State  Quad  Bus  Driver/Receiver  4-130 

Am8T26A  Schottky  Three-State  Quad  Bus  Driver/Receiver  4-135 

Am8T28  Schottky  Three-State  Quad  Bus  Driver/Receiver  4-135 

Am8212  Eight-Bit  Input/Output  Port   4-123 

Am82S62  Nine-Input  Parity  Checker/Generator   4-140 

Am8304B  Octal  Bidirectional  Transceiver  4-144 

Am93S10  BCD  Decade/Four-Bit  Binary  Counter   4-148 

Am93S16  BCD  Decade/Four-Bit  Binary  Counter   4-148 

Am93S21  Dual  2-Line  to  4-Line  Decoder/Demultiplexer   4-69 

Am93S22  Quadruple  2-Line  to  1  -Line  Data  Selector/Multiplexer   4-81 

Am93S48  Twelve-Input  Parity  Checker/Generator  4-152 
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SCHOTTKY  AND  LOW-POWER  SCHOTTKY 
FUNCTIONAL  SELECTOR  GUIDE 


This  guide  divides  the  AMD  Low-Power  Schottky  and 
Schottky  TTL  Product  Line  by  function  into  three  basic  per- 
formance categories  indicated  by  the  examples  below. 

1 .  High-Performance,  Low-Power  Schottky  Ex.  25LS174  Six 
Bit  Register.  fmax  =  40MHz  (Min.) 


2.  Standard  Low-Power  Schottky 

Ex.  74LS174  Six  Bit  Register.  fmax  =  30MHz  (Min.; 

3.  High-Speed  Schottky 

Ex.  74S174  Six  Bit  Register.  fmax  =  75MHz  (Min.) 


DESCRIPTION 


HIGH-PERFORMANCE 
LOW-POWER 
SCHOTTKY 


STANDARD 
LOW-POWER 
SCHOTTKY 


HIGH-SPEED 
SCHOTTKY 


DECADE  (BCD)  COUNTERS 

Asynchronous  Clear,  Synchronous  Preset 
Synchronous  Clear,  Synchronous  Preset 
Up-Down,  Synchronous  Preset 
Up-Down,  Asynchronous  Preset,  Single  Clock 
Up-Down,  Asynchronous  Preset,  Dual  Clock 
Up-Down,  Synchronous  Preset,  Three-State 


25LS160A 

25LS162A 

25LS168A 

25LS190 

25LS192 

25LS2568 


54/74LS160A 

54/74LS162A 

54/74LS168A 

54/74LS190 

54/74LS192 


54/74S160/93S10 


BINARY  HEXADECIMAL  COUNTERS 

Asynchronous  Clear,  Synchronous  Preset 
Synchronous  Clear,  Synchronous  Preset 
Up-Down,  Synchronous  Preset 
Up-Down,  Asynchronous  Preset,  Single  Clock 
Up-Down,  Asynchronous  Preset,  Dual  Clock 
Up-Down,  Synchronous  Preset,  Three-State 


25LS161A 

25LS163A 

25LS169A 

25LS191 

25LS193 

25LS2569 


54/74LS161A 

54/74LS163A 

54/74LS169A 

54/74LS191 

54/74LS193 


54/74S161/93S16 


DECODER/DEMULTIPLEXERS 

One-of-Ten  Decoder/Demultiplexer,  Polarity  Control 
One-of-Eight  Decoder/Demultiplexer 
One-of-Eight  Decoder/Demultiplexer  with  Control  Storage 
Dual  One-of-Four  Decoder/Demultiplexer 
One-of-Eight  Decoder/Demultiplexer,  Polarity  Control 
Dual  One-of-Four  Decoder/Demultiplexer,  Polarity  Control 


25LS2537 

25LS138 

25LS2536 

25LS139 

25LS2538 

25LS2539 


54/74LS138 
54/74LS139 


54/74S138 
54/74S139/93S21 


MULTIPLEXERS 

Eight-Input  Multiplexer 

Eight-Input  Multiplexer  with  Control  Storage 

Three-State  Eight-Input  Multiplexer 

Dual  Four-Input  Multiplexer 

Three-State  Dual  Four-Input  Multiplexer 

Quad  Two-Input  Multiplexer;  Non-Inverting 

Three-State  Quad  Two-Input  Multiplexer;  Non-Inverting 

Quad  Two-Input  Multiplexer;  Inverting 

Three-State  Quad  Two-Input  Multiplexer;  Inverting 


25LS151 

54/74LS151 

54/74S151 

25LS2535 

25LS251 

54/74LS251 

54/74S251 

25LS153 

54/74LS153 

54/74S153 

25LS253 

54/74LS253 

54/74S253 

25LS157 

54/74LS157 

54/74S157/93S22 

25LS257 

54/74LS257 

54/74S257 

25LS158 

54/74LS158 

54/74S158 

25LS258 

54/74LS258 

54/74S258 

MONOSTABLE 

Dual  Retriggerable 


(ONE-SHOT) 

Resettable  Monostable  Multivibrator 


OPERATORS  (ALU,  MULTIPLIER,  PRIORITY  ENCODER,  etc.) 

Four  by  Two  Two's  Complement  Multiplier 
Four-Bit,  Fou  -Way  Shifter 

Four-Bit  ALU/Function  Generator  25LS181 

Four-Bit  ALU/Function  Generator  25LS2517 

Four-Bit  ALU/Function  Generator  25LS381 

Four-Bit  Para  lei  Accumulator  25LS281 

Priority  Encoder,  Eight  Line  to  Three  Line  25LS148 

Four-Bit  Serial  Adder/Subtractor  25LS15 

Priority  Encoder.  Three  State  25LS2513 

Eight  by  One  Serial/Parallel  Two's  Complement  Multiplier  25LS14 

Eiyht-Bit  by  Eight-Bit  Multiplier/ Accumulator  25LS2516 

Eight-Bit  Comparator  25LS2521 

Eight-Bit  Reg  stered  Comparator  25LS2524 

System  Clock  Generator  and  Driver  25LS2525 


54/74LS181 

54/74LS381 
54/74LS281 
54/74LS148 


25S05 

25S10/54/74S350 
54/74S181 
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FUNCTIONAL  SELECTOR  GUIDE  (Cont.) 


DESCRIPTION 


HIGH-PERFORMANCE 
LOW-POWER 
SCHOTTKY 


STANDARD 
LOW-POWER 
SCHOTTKY 


HIGH-SPEED 
SCHOTTKY 


PARITY  CHECKER/GENERATORS 

Nine-Input  Parity  Checker/Generator 
Twelve-Input  Parity  Checker/Generator 


82S62 
93S48 


REGISTERS 


Four-Bit  Register  with  Common  Clock  Enable 

25LS08 

54/74LS379 

25S08/54/74S379 

Four-Bit  Register  with  Two-Input  Multiplexers  on  Inputs 

25LS09 

54/74LS399 

25S09/54/74S388 

Four-Bit  Register  with  Standard  and  Three-State  Outputs 

25LS2518 

25S18/54/74S388 

Four-Bit,  Two-Output  Three-State  Register 

25LS2519 

Four-Bit  Register  with  Common  Clear 

25LS175 

54/74LS175 

54/74S175 

Four-Bit  Register;  Shift  Right,  Left  or  Parallel  Load 

25LS194A 

54/74LS194A 

54/74S194 

Four-Bit  Register;  Shift  Right  or  Parallel  Load 

25LS195A 

54/74LS195A 

54/74S195 

Six-Bit  Register  with  Common  Clock  Enable 

25LS07 

54/74LS378 

25S07/54/74S378 

Six-Bit  Register  with  Common  Clear 

25LS174 

54/74LS174 

54/74S174 

Eight-Bit,  Serial-ln,  Parallel-Out  Register 

25LS164 

54/74LS164 

Eight-Bit  Shift/Storage  Register;  Synchronous  Clear 

25LS23 

Eight-Bit  Shift/Storage  Register;  Asynchronous  Clear 

25LS299 

54/74LS299 

Eight-Bit  Shift-Storage  Register  with  Sign  Extend 

25LS22 

Octal  D-Type  Register,  Common  Clear 

25LS273B 

54/74LS273B 

Octal  Transparent  Latch  (Three  State,  non-inverting) 

25LS373 

54/74LS373 

*54/74S373 

Octal  Transparent  Latch  (Three-state,  inverting) 

*25LS533 

*54/74LS533 

*54/74S533 

Octal  D-Type  Register  (Three  State,  non-inverting) 

25LS374 

54/74LS374 

*54/74S374 

Octal  D-Type  Register  (Three-state,  inverting) 

*25LS534 

*54/74LS534 

*54/74S534 

Octal  D-Type  Register,  Common  Enable 

25LS377B 

54/74LS377B 

Octal  D-Type  Register,  Common  Enable  and  Clear, 

Three-State 

25LS2520 

BUS  INTERFACE 

Quad  Bus  Transceiver,  Inverting  (100mA) 

26S10 

Quad  Bus  Transceiver,  Non-Inverting  (100mA) 

26S11 

Quad  Bus  Transceiver,  Inverting 

25LS242 

54/74LS242 

54/74S242 

Quad  Bus  Transceiver,  Non-Inverting 

25LS243 

54/74LS243 

54/74S243 

Quad  Open-Collector  Bus  Transceiver 

26S12/12A 

Quad  Three-State  Bus  Transceiver  (Inverting) 

8TS12/12A 

Quad  Three-State  Bus  Transceiver  (Non-Inverting) 

8T28 

Quad  Two  l/P  Transceiver  with  Three-State  Receiver  (O.C.) 

2905 

Quad  Two  l/P  Transceiver  with  Parity  (O.C.) 

2906 

Quad  Two  l/P  Transceiver  with  Parity  (O.C.) 

2907 

Quad  Two  l/P  Transceiver  with  Three-State  Receiver 

(Three-State) 
Quad  Two  l/P  Transceiver  with  Parity  (Three-State) 
Quad  Two  l/P  Transceiver  with  Parity  (Three-State) 
Octal  Bus  Driver,  Inverting 
Octal  Bus  Driver,  Non-Inverting 

(Complementary  G,  G  inputs) 
Octal  Bus  Driver,  Non-Inverting 
Octal  Bus  Driver,  Low-Power. 
Octal  Bus  Driver,  Low-Power,  Inv. 
Octal  Bus  Driver,  Low-Power. 
Octal  Bus  Driver,  Low-Power,  Inv. 
Octal  Bidirectional  Bus  Transceiver 


291 6A 
291 7A 
25LS240 

25LS241 
25LS244 
71/81 LS95 
71/81 LS96 
71/81 LS97 
71/81 LS98 
8304 


54/74LS240 


54/74LS241 
54/74LS244 


54/74S240 

54/74S241 
54/74S244 


*ln  developme 
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ADVANCED  MICRO  DEVICES 
SCHOTTKY  AND  LOW-POWER  SCHOTTKY  MSI 


Advanced  Micro  Devices  offers  a  complete  line  of  Schottky  and  Low-Power  Schottky  MSI 
products.  On  the  following  pages  are  a  selector  guide  for  these  products  and  brief  data  on 
several  of  the  most  useful  parts.  For  complete  data  refer  to  our  Schottky  and  Low-Power 
Schottky  Data  Book. 


Advanced  Micro  Devices  offers  two  LS  Logic  families. 

•  Am25LS  —  High  Performance 

•  Am54/74LS  -  Standard  Performance 
Similar  elements  of  both  families  are  described  on  the  same  data  sheet, 
compared  below. 

All  Advanced  Micro  Devices'  products  are  manufa£kffed  to  the  quality  assurance  require- 
ments of  MIL-STD-883,  Level  C.  According  toiWndbook  21 7B  published  by  the  Rome  Air 
Development  Center,  the  Aj*-I"L)l'ce  s  piinupifrmithority  on  component  reliability.  Level  C 
integrated  circuits  are  up(to  ten  times  more  reliablythan  normal  industry  commercial  parts. 

Even]  if  you  don't  need  thepeTfuiiiiunuu  features  of  Am25LS,  you  can  buy  our  versions  of 
54/74LS  devices  with  the  assurance  that  they  are  manufactured  to  the  stringent  quality^ 
standards  of  MIL-STD-883. 

Am25LS  IMPROVED  PERFORMANCE 

•  Noise  Margin 

At  Iql  =  8mA>  Am25LS  guarantees  Vo^0.45Vi>)mpared  to  0.50V  for  54/74LS. 

•  Fan  Out 

Over  the  military  temperature  range,  Am25LS  is  specified  £DqL  =  8mA3>rr*aT.O.  of  22 
(8mA/0.36mA).  54LS  is  guaranteed  at  Iql  =  4mA  only,  for  FX).  =  1 1  (3mA/0.36mA). 


10X 

MORE  RELIABLE 


•  I§c  (Max.)   

Am25LS  has  1$q  upper  limit  controlled^ 85m AiS)raTT 

•  Speed 


50mV  MORE 
NOISE  MARGIN 


TWICE  THE- 
FAN-OUT 


REDUCED  SUPPLY 
CURRENT  SPIKING" 


In  this  example,  Am25LS164  has  worst  case  clock  to  output  delay  specified  Cup  to  45% 
faster  and  fMAX  at  more  tnan  40%  faster  than  54/74LS1 64:  Most  Am25LS  devices  ottef 
similar  improvements. 


SWITCHING  SPEED  SPECIFIED  AT  TEMPERATURE  AND  POWER  SUPPLY  EXTREMES 

The  switching  speeds  of  all  new  Am25LS  devices  are  now  being  specified  at: 
Full  50pF  load 

Over  the  operating  temperature  range 
Military  -55°C  to +125°C 
Commercial  0°C  to  +70°C 
Over  the  operating  power  supply  range 

Military  5.0V  ±  10% 
-  Commercial  5.0V  ±  5% 


PRICE 

Most  Am25LS  device  list  prices  are  the  same  or  less  than  the  equivalent  54/74LS 
standard  performance  device. 


FASTER. 


.MORE  FULLY 
SPECIFIED  ' 


Am25LS1 64  •  Am54LS/74LS1 64 

8-Blt  Serial-ln,  Parallel-Out  Shift  Register 


DISTINCTIVE  CHARACTERISTICS 

•  Gated  serial  inputs 

•  Asynchronous  clear 

•  Am25LS  devices  offer  the 
Am54/74LS 

-  Higher  speed 

-  50mV  lower  Vql  at  IQL  =  8fnA 


FUNCTIONAL  DESCRIPTION 

The  Am25LS164  and  Am54LS/74LS164  are  eight-bit,  serial 
in/parallel  out  shift  registers  built  using  advanced  Low-Power 
Schottky  processing.  A  gated  input  provides  enable/disable 
control  over  incoming  data  such  that  the  data  can  be  entered 
or  logic  zeros  can  be  entered  into  the  register. 
An  asynchronous  clear  input  can  be  used  to  simultaneously 
clear  the  eight  flip-flops  in  the  device.  When  the  clear  input  is 
LOW.  all  interna!  flip-flops  are  forced  LOW  independent  of 
the  clock  input.  An  incoming  data  bit  is  entered  into  the  Qa 
flip-flop  and  the  data  in  all  internal  flip-flops  is  shifted  right  on 
the  LOW-to-HIGH  transition  of  the  clock  input. 


The  Am54LS/74LS164  is  a  standard  performance  version  of 
the  Am25LS164.  See  appropriate  electrical  characteristic  tables 
for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COWL     TA  -  0°C  to  •  70"C  Vcc  =  5.0V  -5%        MIN.  -4.75V     MAX  5.25V 

MIL         TA-^SS"CioOJ»'e       VCC  ■  S.OV  ■  10%      MIN.  •  4.50 V     MAX      5  50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Am54LS/74LS164 


Am25LS  ONLY  / 
SWITCHING  CHARACTERISTICS  / 
OVER  1  Mil.  1 1 M  III  1  1  ■  1 

Am25LS  COM'L 

Am25LS  MIL 

TA  =  0°Cto  +70°C 

TA--550Cto+125°C 

Parameters 

Description 

VCC  =  E 
^  Min. 

OV  ±5% 
Max. 

VCC  =  5 
Min. 

OV  ±10% 

Mm.  J 

Unit^ 

Test  Conditions 

lPLH 

Clock  it>  Output 
Clear  to  Output 

26 

%F 

'PHL 

30 

42 

'PHL 

Clock  or  Clear 

23 

25 

CL  -  50pF  ^ 

«* 

Dan 

13 

IS 

RL  =  2.0W1 

«h 

D,i;a 

S 

5 

3D 

<* 

'max 

Clear  Recovery  T.me 
Maximum  Clock  frequency 

25 
25 

20 

MHi 
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Advanced  Micro  Devices  offers  both  Am25LS,  High  Perfor- 
mance, and  54LS/74LS  Standard  Performance,  low-power 
Schottky  families.  Am25LS  devices  may  be  substituted  for 
54LS/74LS  devices  as  shown  in  the  table  below. 


Products  with  different  numbers  corresponding  to  the  similar 
Am25LS  and  54LS/74LS  functions  are  Texas  Instruments  sec- 
ond source  part  numbers  to  Advanced  Micro  Devices  products. 


HIGH 


Am25LS 
PERFORMANCE 
LS 


Am54/74LS 
STANDARD 
LS 


DESCRIPTION 




PACKAGE 
PINS 


AM25LS07 
AM25LS08 
AM25LS09 
AM25LS14 
AM25LS15 
AM25LS22 
AM25LS23 
AM25LS138 
AM25LS139 
AM25LS148 
AM25LS151 
AM25LS153 
AM25LS157 
AM25LS158 
AM25LS160A 
AM25LS161A 
AM25LS162A 
AM25LS163A 
AM25LS164 
AM25LS168A 
AM25LS169A 
AM25LS174 
AM25LS175 
AM25LS181 
AM25LS190 
AM25LS191 
AM25LS192 
AM25LS193 
AM25LS194A 
AM25LS195A 
AM25LS240 
AM25LS241 
AM25LS242 
AM25LS243 
AM25LS244 
AM25LS251 
AM25LS253 
AM25LS257 
AM25LS258 
AM25LS273 
*AM25LS281 
AM25LS299 


AM25LS373 
AM25LS374 
AM25LS377 
AM25LS378 
AM25LS379 
AM25LS381 


In  development. 


AM54/74LS378  Six-Bit  Register;  Common  Enable 

AM54/74LS379  Four-Bit  Register;  Common  Enable 

AM54/74LS399  Four-Bit  Register;  Multiplexed  Inputs 

AM54/74LS384  Eight-Bit  Serial/Parallel  Two's  Complement  Multiplier 

AM54/74LS385  Four-Bit  Serial/Parallel  Adder  Subtracter 

AM54/74LS322  Eight-Bit  Serial/Parallel  Register;  Sign  Extend 

AM54/74LS323  Eight-Bit  Universal  Shift  Register;  Synchronous  Clear 

AM54/74LS138  One-of-Eight  Decoder/Demultiplexer 

AM54/74LS139  Dual  One-of-Four  Decoder/Demultiplexer 

AM54/74LS148  Priority  Encoder;  Eight-Line  to  Three-Line 

AM54/74LS151  Eight-Input  Multiplexer 

AM54/74LS153  Dual-Four-lnput  Multiplexer 

AM54/74LS157  Quad  Two-Input  Multiplexer;  Non-Inverting 

AM54/74LS158  Quad  Two-Input  Multiplexer;  Inverting 

AM54/74LS160A  Synchronous  BCD  Decade  Counter;  Asynchronous  Clear 

AM54/74LS161 A  Synchronous  Four-Bit  Binary  Counter;  Asynchronous  Clear 

AM54/74LS162A  Synchronous  BCD  Decade  Counter;  Synchronous  Clear 

AM54/74LS163A  Synchronous  Four-Bit  Binary  Counter;  Synchronous  Clear 

AM54/74LS164  Eight-Bit  Serial-ln,  Parallel-Out  Shift  Register 

AM54/74LS168A  Synchronous  BCD  Decade  Up-Down  Counter;  Programmable 

AM54/74LS169A  Synchronous  Four-Bit  Binary  Up-Down  Counter;  Programmable 

AM54/74LS174  Six-Bit  Register;  Common  Clear 

AM54/74LS175  Quad  Register;  Common  Clear 

AM54/74LS181  Four-Bit  ALU/Function  Generator 

AM54/74LS190  BCD  Decade  Up-Down  Counter;  Down-Up  Mode  Control 

AM54/74LS191  Four-Bit  Binary  Up-Down  Counter;  Down-Up  Mode  Control 

AM54/74LS192  BCD  Decade  Up-Down  Counter;  Dual  Clocks 

AM54/74LS193  Four-Bit  Binary  Up-Down  Counter;  Dual  Clocks 

AM54/74LS194A  Four-Bit  Register;  Shift  Right,  Left  or  Parallel  Load 

AM54/74LS195A  Four-Bit  Register;  Shift  Right  or  Parallel  Load 

AM54/74LS240  Octal  Bus  Driver;  Inverting,  Three  State  Outputs 

AM54/74LS241  Octal  Bus  Driver;  Non-Inverting,  Three  State  Outputs  (G,  G  inputs) 

AM54/74LS242  Quad  Bus  Transceiver;  Inverting 

AM54/74LS243  Quad  Bus  Transceiver;  Non-Inverting 

AM54/74LS244  Octal  Bus  Driver;  Non-Inverting,  Three  State  Outputs 

AM54/74LS251  Eight-Input  Multiplexer;  Three  State  Outputs 

AM54/74LS253  Dual  Four-Input  Multiplexer;  Three  State  Outputs 

AM54/74LS257  Quad  Two-Input  Multiplexer;  Non-Inverting,  Three  State  Outputs 

AM54/74LS258  Quad  Two-Input  Multiplexer;  Inverting,  Three  State  Outputs- 

AM54/74LS273  Octal  D-Register;  Common  Clear 

*AM54/74LS281  Four-Bit  Parallel  Accumulator 

AM54/74LS299  Eight-Bit  Universal  Shift  Register,  Asynchronous  Clear 

AM54/74LS322  See  Am25LS22 

AM54/74LS323  See  Am25LS23 

AM54/74LS373  Octal  Transparent  Latch;  Three  State  Outputs 

AM54/74LS374  Octal  D-Register;  Three  State  Outputs 

AM54/74LS377  Octal  D-Register;  Common  Enable 

AM54/74LS378  Six-Bit  Register,  Common  Enable  (25LS07) 

AM54/74LS379  Four-Bit  Register,  Common  Enable  (25LS08) 

AM54/74LS381  Four-Bit  ALU/Function  Generator  (20  pin  25LS181) 


16 
16 
16 
16 
20 
20 
20 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
14 
16 
16 
16 
16 
24 
16 
16 
16 
16 
16 
16 
20 
20 
14 
14 
20 
16 
16 
16 
16 
20 
24 
20 
20 
20 
20 
20 
20 
16 
16 
20 
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Am25LS«Am54LS/74LS  CROSS  REFERENCE  GUIDE  (Cont.) 


Am25LS 
HIGH  PERFORMANCE 
LS 


Am54/74LS 
STANDARD 
LS 


DESCRIPTION 


PACKAGE 
PINS 


AM25LS399 


AM25LS2513 
AM25LS2516 
AM25LS2517 
AM25LS2518 
AM25LS2519 
AM25LS2520 
AM25LS2521 
*AM25LS2524 
*AM25LS2525 
AM25LS2535 
AM25LS2536 
S5LS2537 
S5LS2538 
AM25LS2539 
AM25LS2568 
AM25LS2569 

*ln  development. 


AM54/74LS382 
AM54/74LS384 
AM54/74LS385 
AM54/74LS388 
AM54/74LS399 
*AM54/74LS533 
"AM54/74LS534 
AM54/74LS568 
AM54/74LS569 
AM54/74LS668 
AM54/74LS669 


AM54/74LS388 


AMI 
AM2 


See  Am25LS2517 
See  Am25LS14 
See  Am25LS15 
See  Am25LS2518 

Four-Bit  Register,  Multiplexed  Inputs  (25LS09) 
Inverting  version  of  Am25/54/74LS373 
Inverting  version  of  Am25/54/74LS374 
See  Am25LS2568 
See  Am25LS2569 

Slow  Version  of  Am25/54/74LS168A 
Slow  Version  of  Am25/54/74LS169A 

Priority  Encoder;  Three  State  Outputs,  Eight-Line  to  Three-Line 

Eight-Bit  by  Eight-Bit  Serial/Parallel  Multiplier/ Accumulator 

Four-Bit  ALU/Function  Generator;  Overflow  Detection 

Quad  Register  with  Standard  and  Three  State  Outputs 

Quad  Register  with  Dual  Three  State  Outputs 

Octal  D-Register;  Common  Clear  and  Enable,  Three  State  Outputs 

Eight-Bit  Comparator 

Registered  Comparator 

System  Clock  Generator  and  Driver 

Eight-Bit  Multiplexer;  Control  Storage 

Eight-Bit  Decoder;  Control  Storage 

One-of-Ten  Decoder;  Three  State  Outputs 

One-of-Eight  Decoder;  Three  State  Outputs 

Dual  One-of-Four  Decoder;  Three  State  Outputs 

BCD  Decade  Up-Down  Counter;  Three  State  Outputs 

Four-Bit  Binary  Up-Down  Counter;  Three  State  Outputs 


20 
16 
20 
16 
16 
20 
20 
20 
20 
16 
16 
20 
40 
20 
16 
20 
22 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
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DESIGNER'S  GUIDE 
TO  HIGH  PERFORMANCE 
LOW-POWER  SCHOTTKY  LOGIC 


By  David  A.  Laws  and  Roy  J.  Levy. 


1. 


THE  NEW  STANDARD  LOGIC 

Low-power  Schottky  TTL  integrated  circuits  are  now  firmly 
established  as  the  standard  logic  configuration  for  new  high 
performance  system  designs.  They  have  essentially  entirely 
replaced  standard  "gold-doped"  TTL  devices  in  all  applications. 
In  addition,  they  have  relegated  the  other  logic  families  to  spe- 
cialized needs  where  the  ultimate  in  high  speed  (ECL)  or  low 
power  for  battery  operated  operation  (CMOS)  is  mandatory. 

This  wide  acceptance  has  been  achieved  because  LS  offered  all 
of  the  important  features  of  the  earlier  TTL  families  with  two 
significant  advantages: 

•  LS  circuits  provide  performance  equal  to  that  of  standard 
TTL  at  between  20%  and  50%  of  the  power  requirements. 
As  a  result,  considerable  system  cost  savings  have  been  made 
in  bulky  power  supplies  and  fans. 

•  LS  technology  allows  more  complex  designs  to  be  fabricated 
on  a  given  die  size.  A  far  wider  selection  of  systems  oriented 
MSI  and  LSI  functions  have  therefore  been  developed  in  the 
LS  family. 

Additional  factors  in  their  popularity  is  that  the  devices  are  im- 
plemented with  the  same  technology,  and  are  therefore  totally 
compatible  with  the  LSI  bit-slice  processors  and  supporting 
memories  which  today  form  the  heart  of  most  new  high  speed 
designs.  Users  of  LS  devices  have  been  able  to  exploit  these 
features  to  improve  the  performance  and  enhance  the  func- 
tional capability  of  their  systems.  In  many  cases  this  has  been 
achieved  at  a  lower  total  cost. 

Advanced  Micro  Devices  is  a  leading  supplier  of  low-power 
Schottky  MSI  and  LSI  devices.  Two  basic  families  of  product 
are  offered: 

AM54/74LS  Series 

•  Typical  tpd  10ns/gate  at  2mW 

•  Typical  Register  fmax  =  40MHz 

Pin  for  pin  and  electrical  alternate  source  devices  to  the 
standard  performance  LS  logic  family. 


AM25LS  Series 

•  Typical  tpd  5ns/gate  at  2mW 

•  Typical  Register  fmax  =  65MHz 

Advanced  Micro  Devices'  proprietary  high  performance  LS 
logic  family.  This  includes  both  original  designs  and  en- 
hanced specification  versions  of  the  AM54/74LS  devices. 
Improvements  include  twice  the  fan-out  over  the  military 
temperature  range,  higher  noise  margin  and  faster  switching 
speeds. 

The  AM25LS  improved  performance  devices  are  offered  by 
Raytheon  Semiconductor  and  identified  by  25LS  part  num- 
bers. Equivalent  Fairchild  and  Motorola  9LS  functions  will 
come  close  to  meeting  AM25LS  switching  speeds  on  certain 
products. 

The  AM25LS  proprietary  designs  have  been  carefully  chosen 
to  improve  operation  and  reduce  the  cost  of  building  high 
performance  digital  systems.  A  good  example  is  the  set  of 
AM25LS14,  15  and  22  digital  signal  processing  elements.  Fair- 
child,  Motorola  and  Texas  Instruments  have  announced  plans 
to  alternate  source  many  of  the  new  Advanced  Micro  Devices' 
designs. 

Both  the  Am25LS  and  the  Am54LS/74LS  families  can  be 
freely  intermixed.  Together  with  the  Am2900  series  of  bipolar 
microprocessor  functions  they  will  satisfy  most  of  the  design 
requirements  of  today's  advanced  systems. 

THE  SCHOTTKY  DIODE  STRUCTURE 

The  major  components  of  switching  delays  in  digital  integrated 
circuits  are  listed  in  Figure  1.  One  of  the  most  significant  of 
these  is  the  storage  time  constant  of  a  transistor  driven  into 
saturation  Ts.  Standard  TTL  circuits  minimize  this  parameter 
with  a  process  technique  known  as  gold  doping.  This  increases 
the  rate  of  recombination  of  charge  stored  in  the  base  region. 


PARAMETERS 

DETERMINING  FACTORS 

Td 

R,  C 

Tf 

p\  Cob,  Base  Drive,  Signal  Amplitude 

Ts 

Storage  Time  Constant  of  a  Saturated 

Transistor 

Tr 

Cob,  Signal  Amplitude 

Figure  1.  Major  Causes  of  Propagation  Delay. 
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The  desired  result  of  improved  speed  is  achieved.  Unfortunately 
it  also  reduces  available  design  (3  at  low  temperatures  and  is 
marginally  effective  when  hot.  This  results  in  lowered  perfor- 
mance over  the  full  military  temperature  range. 

The  development  of  the  Schottky  diode  provides  a  more  effec- 
tive solution.  A  feature  of  the  Schottky  diode  is  its  lower 
forward  voltage  at  a  given  current  level  compared  to  a  diffused 
(P-N)  diode  of  the  same  area,  Figure  2.  Connecting  a  Schottky 
diode  between  the  base  and  collector  of  a  transistor,  Figure  3, 
will  shunt  excess  base  current  drive  from  the  base  to  the  col- 
lector, once  the  collector  drops  to  a  low  enough  voltage  to  for- 
ward bias  the  Schottky.  This  prevents  the  build  up  of  stored 
charge  and  eliminates  the  Ts  component  of  the  delay. 


1  1  1 

DIFFUSED  DIODE 

SCI- 

OTT 
(V 

KY  DIODE  / 

0  0.2  0.4  0.6  0.8 

DIODE  FORWARD  VOLTAGE 


Figure  2.  Comparison  of  Vp  for  Schottky  and 
Diffused  Diodes. 


:igure  3.  Schottky  Clamped  Transistor  and  its 
Conventional  Circuit  Symbol. 


A  Schottky  diode  is  formed  at  a  metal  to  semiconductor  junc- 
tion when  the  semiconductor  doping  is  at  the  level  normally 
found  in  the  collector  region  of  TTL  devices.  A  Schottky- 
clamped  transistor  is  constructed  by  extending  the  metal  con- 
tact for  the  base  region  over  the  collector  as  shown  in  Figure 4. 
The  same  metallization  structure  forms  a  simple  ohmic  contact 
at  the  base,  collector  and  emitter  contact  windows  because  of 
the  higher  doping  levels  in  the  silicon  at  these  locations. 

The  selection  of  the  forward  voltage  drop  across  the  Schottky 
diode,  VsBD.  's  a  compromise  between  a  high  value  to  insure 
a  minimum  Vol  Dut  low  enough  to  prevent  charge  storage  in 
the  base.  Platinum  silicide  Schottky  diodes  provide  this  op- 
timum voltage  drop.  Platinum  is  deposited  and  platinum- 
silicide  is  formed  by  sintering  and  annealing.  As  aluminum  has 
a  high  affinity  for  silicon,  in  order  to  prevent  the  aluminum 
interconnect  metallization  from  diffusing  through  the  platinum 
material,  with  resulting  lower  VsBD*  a  barrier  of  tungsten- 
titanium  is  evaporated  after  the  platinum  and  before  the  alu- 
minum metallization.  This  structure  has  been  extensively  eval- 
uated and  proven  to  have  excellent  reliability  characteristics. 
It  is  now  widely  employed  in  the  manufacture  of  Schottky 
devices.  Reliability  data  is  available  from  Advanced  Micro 
Devices  on  request. 

CHARACTERISTICS  OF  SCHOTTKY  DEVICES 

The  primary  reason  for  the  development  of  Schottky  devices 
was  to  improve  AC  (switching)  performance  and  the  first  inte- 
grated circuits  to  employ  this  technique  offered  propagation 
delays  as  fast  as  3ns.  However,  their  fast  rise  and  fall  times  and 
high  power  requirements  have  restricted  their  application  to 
highest  performance  systems.  More  recently  it  was  realized 
that  the  technique  could  be  used  to  decrease  the  charging 
current  required  to  achieve  the  10ns  speed  specification  of 
standard  TTL  gates.  This  insures  considerably  lower  operating 
power  requirements.  The  resulting  family  of  devices  are  known 
as  Low-Power  Schottky  (LS)  circuits. 

While  the  low  current  characteristics  of  LS  devices  are  extremely 
important,  other  features  of  Schottky  devices  have  contributed 
significantly  to  improved  overall  performance; 

•  Improved  yield  can  be  obtained  to  higher  f)  specifications 
which  reduces  the  variation  of  a.c.  performance  at  low 
temperatures. 

•  Elimination  of  the  marginal  effect  of  gold  doping  at  high 
temperature  improves  switching  speed  at  the  upper  end. 

•  PNP  transistors  with  useful  (3  can  now  be  fabricated. 
Since  they  reduce  input  load  current  requirements,  they 
can  be  employed  on  inputs  where  loading  is  critical. 


Figure  4.  Schottky  Diode  Clamped  Transistor  Structure. 
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•  The  shallow  epitaxial  layers  employed  (around  3.5/im) 
considerably  reduce  on  chip  capacitance  and  series 
resistance.  This  is  a  significant  contributor  to  improved 
speed  performance  at  low-power. 

•  Other  improvements  in  general  circuit  design  flexibility 
include  improved  control  over  internal  waveform  ampli- 
tudes, lower  junction  leakage  currents  and  location  of 
parasitic  capacitances  at  low  impedance  nodes. 


LOW-POWER  SCHOTTKY  FAMILIES 


first 


The 
mercia 
elements 
This 
patible 
20%  of 
element 
delay 
have 
functions 


al  y 


i  of 
been 


application  of  the  low  power  technology  to  a  corn- 
available  product  was  to  redesign  the  most  popular 
of  the  standard,  gold-doped  54/74  TTL  family  in  LS. 
provided  a  set  of  functions  pin-for-pin  and  speed  com- 
with  the  earlier  TTL  parts,  but  requiring  as  little  as 
the  power.  The  basic  gate  design  for  a  54LS/74LS 
is  shown  in  Figure  5.  This  offers  a  typical  propagation 
10ns  at  2mW  power  dissipation.  Similar  improvements 
en  made  in  power  requirements  for  flip-flops  and  MSI 


TPD  -  10ns  (TYP) 
POWER/GATE  -  2mW  (TYP] 
VOH  '  2.7V  (MIN.) 
VOL  =  0.5V  (MAX.) 


Figure  5.  Low-Power  Schottky  "74 LS"  TTL  Gate. 


This  LS  family  offers  many  advantages  to  the  system  designers 
over  the  older  standard  TTL  functions. 

•  Lower  supply  currents  permit  the  use  of  smaller,  lower 
cost  power  supplies. 

•  Reduced  power  dissipation  generates  less  heat  and  sim- 
plifies cooling  needs  and  allows  increased  board  packing 
density. 

•  Lower  on-chip  operating  temperatures  decrease  IC  failure 
rates,  thus  improving  system  reliability. 

•  Lower  operating  currents  reduce  output  spiking,  leading 
to  a  decrease  in  noise  generation  and  associated  system 
problems. 

•  As  the  input  load  current  requirements  of  Low-Power 
Schottky  are  only  25%  of  standard  TTL,  the  new  cir- 
cuits are  easier  to  interface  with  MOS  elements,  such  as 
memories  and  microprocessors. 

•  Provided  input  and  output  loading  rules  are  obeyed,  as 
the  functions  and  pin-outs  are  identical  to  those  of  the 
earlier  TTL  families,  it  is  easy  to  upgrade  existing  systems. 

In  addition,  no  retraining  of  personnel  is  necessary  before  pro- 
ceeding with  a  new  design  using  these  improved  circuits  as 
most  engineers  are  already  familiar  with  the  logic  functions 
and  capabilities  of  TTL. 

Later  improvements  in  process  technology  and  design  tech- 
niques have  led  to  what  is  essentially  a  second  generation  of 
LS  devices.  Generally  described  as  high-performance  LS,  these 
products  maintain  the  same  power  requirements  as  54LS/ 
74LS  but  offer  such  improvements  as: 

•  Up  to  50%  faster  speed 

•  Improved  DC  noise  margin  (50mV  at  full  drive) 

•  Twice  the  fan-out  over  the  military  temperature  range 

The  Advanced  Micro  Devices'  Am25LS  Family  combines  all 
these  high-performance  features  into  products  which  are  direct 
replacements  for  the  equivalent  Am54LS/74LS  MSI  functions. 


INCREASED  FUNCTIONAL  COMPLEXITY 

As  devices  are  operating  at  lower  current  levels,  smaller  area 
geometries  can  be  employed.  Thus,  an  LS  design  can  often  be 
produced  on  a  smaller  die  than  the  equivalent  standard  TTL 
function.  Further,  the  recent  development  of  composite  and 
self-aligning  masking  techniques  allows  even  further  reductions 
in  device  geometry  sizes.  These  in  turn  result  in  faster  speeds 
and  the  ability  to  manufacture  more  complex  die. 

Lower  power  dissipation  also  allows  considerably  more  compo- 
nents to  be  incorporated  onto  a  single  chip  without  exceeding 
the  recommended  chip  operating  temperature. 

The  ability  to  produce  large  die  at  economical  prices  has  im- 
proved the  functional  capability  and  variety  of  elements  avail- 
able in  the  LS  family  compared  to  standard  TTL.  Thus,  LS 
technology  is  being  used  to  implement  many  high-performance 
LSI  functions  in  memory,  interface  and  microprocessor,  as 
well  as  logic  families. 

An  important  feature  of  all  LS  families  is  the  new  20-pin  Dual 
In-Line  Package.  This  configuration  fills  the  need  for  a  package 
having  the  number  of  terminals  necessary  to  accommodate  the 
more  complex  products  possible  with  LS,  without  the  physical 
and  cost  disadvantages  of  the  older  24-pin  outline. 
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The  20-pin  DIP  has  the  same  300-mil  center  to  center  spacing 
between  rows  of  pins  as  the  popular  16-pin  package.  It  there- 
fore occupies  about  one  third  the  board  space  of  the  24-pin 
DIP  with  only  a  minor  trade-off  in  functional  capability.  For 
both  user  and  manufacturer  this  package  is  also  considerably 
easier  and  lower  cost  to  handle  and  test. 

The  20ipin  DIP  is  supplied  in  molded  epoxy  and  hermetic  ce- 
ramic versions.  An  hermetic  ceramic  flat  pack  is  also  available 
for  military  temperature  range  devices. 

Functionally  the  20-pin  configuration  is  optimum  for  building 
octal  functions.  Eight  input  lines,  eight  output  lines,  power 


supply  and  ground,  leaves  two  pins  available  for  control  signals. 
Eight-bit  devices  are  ideal  for  interfacing  with  popular  eight-bit 
fixed  instruction  set  MOS  microprocessors.  They  are  also  useful 
in  micro-programmable  machines  using  bit  slice  processors  im- 
plemented in  multiples  of  eight-bits.  An  octal  register  device 
in  a  20-pin  package  can  reduce  count  by  50%  over  the  two 
quad,  or  even  more  wasteful,  two  hex  elements  frequently  used 
today. 

A  significant  proportion  of  new  Advanced  Micro  Devices'  LS 
products  introduced  recently  are  in  the  20-pin  package. 


PHYSICAL  DIMENSIONS 
20-Pin  Package 

Molded  Dual-ln-Line 


_O055   J       I  0090 

0.065      n  r^o.no 


Ceramic  Dual-ln-Line 


Ceramic  Flat  Package 
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0.055  0335 

0.92 
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90 

20 

0.015 
0.019 
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KmSM       aoas   0.020 
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.C.  Circuit  Characteristics 


CIRCUIT  CONFIGURATIONS 

The  basic  circuit  design  configuration  of  a  Low-Power  Schottky 
gate  is  similar  to  that  of  the  original  standard  TTL  elements. 
However,  certain  refinements  have  been  made  to  optimize  de- 
vice performance  when  fabricated  with  the  LS  process. 

In  order  to  analyze  the  circuit  configuration.  Table  1  shows 
terms  used  in  describing  Advanced  Micro  Devices'  LS  circuits: 

TABLE  1 

D.C.  CIRCUIT  PARAMETER  DEFINITIONS 

1 1 1_    The  current  out  of  an  input  at  a  specified  LOW  voltage. 

I|H    The  current  into  an  input  at  a  specified  HIGH  voltage. 

'OL   The  current  into  an  output  when  in  the  LOW  state. 

'OH  The  current  out  of  an  output  when  in  the  HIGH  state 
(pull-up  circuit  only). 

ISC  The  current  out  of  an  output  in  the  HIGH  state  when 
shorted  to  ground.  (Also  called  Irjs) 

\/CC  The  range  of  supply  voltage  over  which  the  device  is 
guaranteed  to  operate. 

V||_  The  guaranteed  maximum  input  voltage  that  will  be  re- 
cognized by  the  device  as  a  logic  LOW. 

V|n  The  guaranteed  minimum  input  voltage  that  will  be  re- 
cognized by  the  device  as  a  logic  HIGH. 

VOL  The  maximum  guaranteed  logic  LOW  voltage  at  the  out- 
put terminal  while  sinking  the  specified  load  current  loL- 

Voh  The  minimum  guaranteed  logic  HIGH  voltage  at  the  out- 
put terminal  when  sourcing  the  specified  source  current 
'OH- 


Both  the  input  and  output  structures  of  the  LS  devices  them- 
selves have  evolved  through  a  number  of  configurations  as 
designers  have  attempted  to  optimize  circuit  performance. 

Depending  on  the  function  of  the  device  any  one  of  four  com- 
monly used  inputs  may  be  employed.  The  significant  char- 
acteristics of  each  of  these  configurations  are  summarized  in 
Figure  6. 

The  first  LS  designs  used  the  familiar  multi-emitter  TTL  input 
of  Figure  6a.  However  because  of  low  breakdown  voltage  and 
slow  speed  it  is  now  used  only  where  the  geometry  offers  a 
significant  advantage  in  circuit  mask  layout. 

The  second  and  still  most  widely  used  structure  is  the  simple 
DTL  style  input  of  Figure  6b.  This  is  the  fastest  version  and  it 
has  good  input  breakdown  voltage.  In  output  functions  having 
only  a  single  gate  delay  between  input  and  output,  such  as  a 
three-state  enable  input,  the  low  threshold  of  the  DTL  confi- 
guration causes  the  output  node  to  be  at  a  sufficiently  low 
voltage  to  risk  leakage  problems  at  high  temperature.  The  input 
of  Figure  6c  raises  the  threshold  by  one  diode  to  overcome  this 
problem  (Figure  7).  However  because  it  is  slower  and  uses 
more  silicon  area,  its  use  is  limited  to  special  situations.  A  PNP 
input,  Figure  6d,  insures  low  d.c.  loading  for  devices  with 
common  input/output  pins  such  as  the  Am25LS23.  "However 
it  is  slow  and  has  low  breakdown  voltage,  comparable  to  the 
multi-emitter  TTL  structure. 


a)  TTL 


b)  DTL 


c)  High  Threshold 


d)  PNP 


DTL 

HIGH  Vth 

TTL 

PNP 

Threshold  @  25°  C 

1.0V 

1.4V 

1.3V 

1.5V 

5.5pF 

4.5pF 

3.5pF 

4.0pF 

in. 

*RIN 

oR|M 

aR|M 

aBpNP 

Input  BV 

>15 

>15 

Mi 

«8 

Gate  Delay,  ns 

5+,  5- 

5+.  6.5- 

5.5+,  7.5- 

5+,  6.5- 

Figure  6.  Low-Power  Schottky  Input  Configurations. 
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Figure  7.  LS  Input  Characteristics  for  DTL  and 
High  Threshold  Inputs. 

Figure  8  compares  the  early  LS  output  configuration  with  the 
design  most  frequently  used  today.  The  change  was  made  to 
provide  clamping  of  positive  ringing  and  to  allow  the  higher 
ISC  currents  now  specified  (see  section  3).  The  typical  VrjH 
versus  Iqh  curves  of  Figure  9  are  similar  for  both  versions. 
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Figure  8.  Low-Power  Schottky  Output  Configurations. 
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Figure  9.  Typical  Vqh  Versus  Iqh  f°r  Low-Power  Schottky. 


This  example  displays  an  l$c  of  approximately  35mA.  Note 
that  both  of  these  designs  include  the  "squaring"  network 
( R3,  R4  and  Q5)  at  the  base  of  the  output  pulldown  transistor, 
Q4,  which  was  not  included  on  standard  TTL  families.  The 
result  of  this  is  a  sharp  transition  of  VoUT  witn  V|f j  shown  in 
Figure  10  for  a  simple  gate  function. 


\ 

Vcc=  5.0V 

25' 

+125° 

,-55° 

\ 

V|N  -  INPUT  VOLTAGE 


Figure  10.  Typical  Output  Versus  Input  Voltage 
Characteristic. 

The  typical  Vol  versus  IfjL  output  characteristics  of  LS  de- 
vices are  shown  in  Figure  1 1 .  Most  74LS functions  are  specified 
at  Vol  =  0-4V  at  lOL  =  4™A  and  0.5V  at  8mA.  Am25LS  are 
specified  at  0.45V  for  lOL  =  8mA.  Some  newer  designs  are 
being  guaranteed  at  lOL  of  12mA  and  24mA.  This  curve  in- 
dicates that  lack  of  (3  at  low  temperature  will  not  permit 
existing  designs  to  be  guaranteed  to  these  higher  values  without 
severe  yield  loss. 


V 

125° 

-2! 

25/74LS 

T 
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f 

--55°  - 

0.1        0.2       0.3  0.4 

Vql  ivoltsi 


Figure  11.  Typical  LS  Vql  Versus  Iql  Characteristics. 
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TABLE  2 

COMPARISON  OF  TTL  DC  PARAMETERS 


54LS/74LS  LOW-POWER  SCHOTTKY 


25LS  LOW  POWER  SCHOTTKY 


■'aramet 

ers 

Conditions 

Min. 

Typ. 

Max. 

Conditions 

Min. 

Typ. 

Max. 

Units 

vol 

Iql  =  4.0tnA 

0.4 

lOL  =  4.0mA 

0.4 

V 

Iql  =  8.0mA  (COM'L  Only! 

0.5 

l0L  =  8.0mA  (MIL,  COM'L) 

0.45 

V0H 

'OH  =  -400jjA 

MIL 

2.5 

3.4 

l0H  -440(iA 

MIL 

2.5 

3.4 

V 

COM'L 

2.7 

3.4 

COM'L 

2.7 

3.4 

V|L 

Logic  LOW 

MIL 

0.7 

Logic  LOW 

MIL 

0.7 

V 

COM'L 

0.8 

COM'L 

0.8 

V|H 

Logic  HIGH 

2.0 

Logic  HIGH 

2.0 

V 

1 1 1_ 

V|N  =  0.4V 

-0.36 

V|N  =  0.4V 

-0  36 

mA 

Iffi 

V,N  =  2.7V 

20 

V|N=2.7V 

20 

*A 

54S/74S  AND  25S  SCHOTTKY  TTL 

STANDARD  TTL 

'aramet 

er 

Condition 

Min. 

Typ. 

Max. 

Condition 

Min. 

typ- 

Max. 

Units 

Vol 

Iql  =  20mA 

0.3 

0.5 

I0l  =  16mA 

0.2 

0.4 

Volts 

V0H 

Ioh  =  -10mA 

MIL 
COM'L 

2.5 
2.7 

3.4 
3.4 

l0H  =  -300mA 

2.4 

3.4 

Volts 

V,L 

Logic  LOW 

0.8 

Logic  LOW 

0.8 

Volts 

V,H 

Logic  HIGH 

2.0 

Logic  HIGH 

2.0 

Volts 

l|L 

Vm  =  0.5V 

-2.0 

V,N  =  0.4V 

-1.6 

mA 

"IH 

Vin  =  2.7V 

50 

VIN  =  2.4V 

40 

MA 

INPUT/OUTPUT  LEVELS 

The  input  thresholds  and  output  logic  levels  of  LS  circuits 
have  been  designed  as  far  as  possible  to  be  compatible  with 
those  of  standard  TTL.  Table  2  shows  the  guaranteed  d.c. 
parameters  of  the  Am54/74LSand  second  generation  Am25LS 
families.  Input  current  requirements  dm,  1 1 1_)  and  therefore 
output  drive  needs  doH.  'OL>  are  significantly  reduced  over 
standard  TTL. 

A  one  unit  load  input  current  at  logic  HIGH,  l|(-|,  for  Am54LS/ 
74LS  is  20f/A,  compared  with  40uA  for  Am54/74  standard 
TTL.  Similarly  at  logic  LOW,  l||_  is  reduced  to  —0.36mA  from 
-1 .6mA. 

Corresponding  reductions  in  the  output  drive  requirements  are 
lOL  ■  4mA  vs.  16mA  at  VOL  ■  0.4V  and  Ioh  -  -400>A 
compared  to  800/jA. 

FAN  OUT  CAPABILITY 

The  fan-out  capability  of  a  logic  family  indicates  the  number 
of  inputs  which  can  be  driven  by  a  single  output.  It  is  defined 
as  the  maximum  output  drive  current  divided  by  the  input  cur- 
rent available. 

Logic  HIGH  Fan-out  =  lOH/'lH 
Logic  LOW  fan-out  =  IQL^IL 


Table  3  shows  the  fan-out  capabilities  of  typical  functions 
from  the  three  families.  The  lower  current  operating  levels  of 
LS  devices  allow  them  to  be  specified  at  a  logic  LOW  fan-out 
over  the  commercial  range  of  more  than  twice  that  of  standard 
TTL  (22  vs.  10).  The  Am25LS  family  allows  this  advantage  to 
be  extended  to  the  military  range. 

D.C.  NOISE  MARGIN 

The  D.C.  noise  margins  of  a  digital  system  are  defined  from 
Figure  12  as  follows: 

Logic  HIGH  Noise  Margin  =  VoH1  -  VIH2 

Logic  LOW  Noise  Margin  =  V|  L2  —  VrjL1 
These  parameters  for  LS  devices  are  shown  in  Table  2.  LS  has 
a  minimum  logic  HIGH  output  voltage  of  VOH  =  2.5V  for 
military  and  2.7V  for  the  commercial  temperature  range.  For 
standard  TTL,  VoH  is  2.4V.  V|H  is  2.0V  for  both  families. 

Table  3  compares  the  guaranteed  noise  margin  values  for  the 
standard  TTL  and  LS  devices.  LS  devices  offer  improved  mar- 
gin over  standard  TTL  in  the  logic  HIGH  state,  which  is  the 
most  critical  with  regard  to  noise  generation.  At  a  similar  fan- 
out,  10  for  standard  TTL  and  11  for  LS,  noise  margins  in  the 
LOW  state  are  the  same  over  the  commercial  range. 
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a)  LOGIC  "HIGH"  STATE 


TABLE  3 
FAN-OUT  AND  NOISE  MARGIN 
COMPARISON  OF  TTL  AND  LS  FAMILIES. 


FAI\ 

fllLY 

INPUT 
CURRENT 
■IH 

OUTPUT 
CURRENT 
'OH 

FAN-OUT 

NOISE  MARGIN 

MILITARY  COMMERCIAL 

MILITARY  COMMERCIAL 

54/ 

P4 

4<VA 

— 800^A 

20 

20 

400m  V 

400mV 

54L 

S/74LS 

20mA 

— 400m A 

20 

20 

BC'OmV 

700mV 

25L 

S 

20M  A 

^140mA 

22 

22 

500mV 

700mV 

b)  LOGIC  "LOW"  STATE 


FAH 

INPUT 
CURRENT 
l|L 

OUTPUT 
CURRENT 
lOL 

FAN-OUT 

NOISE  MARGIN 

MILITARY 

COMMERCIAL 

MILITARY 

COMMERCIAL 

54/" 

4 

-1 .6mA 

16mA 

10 

10 

400m  V 

400mV 

54  L 

S/74LS 

-0.36mA 

4mA 

11 

11 

300m  V 

400mV 

8mA 

No  Spec. 

22 

No  Spec. 

300mV 

25L 

S 

-0.36mA 

4mA 

11 

11 

300m  V 

400mV 

8mA 

22 

22 

250mV 

350mV 

LS  devices  have  a  lOOmV  lower  noise  margin  in  the 
ite  than  standard  TTL.  In  most  systems,  this  does  not 
a  problem  as  the  lower  power  supply  currents  being 

with  LS  generally  result  in  lower  system  noise  gen- 


Military 
LOW 
present 
switched 
eration 

The  logic  levels  guaranteed  over  the  operating  temperature 
ranges  are  of  course  worst  case.  Figures  13  and  14  show  the 
typical  values  to  be  considerably  better  than  these. 

Am25LS  D.C.  FEATURES 

The  D.C.  advantages  offered  by  second  generation  Am25LS 
over  54/74 LS  devices  can  be  seen  from  Table  3  as: 

1.  In  the  logic  LOW  state  at  a  fan-out  of  22  (8mA),  Am25LS 
has  50mV  greater  noise  margin  (350mV  vs.  300mV). 

2.  Am25LS  products  are  guaranteed  at  a  fan-out  of  22  (8mA) 
over  the  military  range.  Am54LS  is  specified  at  fan-out  of 
10  (4mA)  only. 


3.  Am25LS 
HIG 
LOW 


offers  a  symmetrical  fan-out  of  22  in  both  logic 
H  and  logic  LOW  states,  allowing  full  use  of  the  logic 
'  drive  capability. 


DRIVING  DEVICE 


DRIVEN  DEVICE 


MINIMUM  LOGIC 
"HIGH"  OUTPUT 
VOLTAGE 


3-STATE  COM'L  OR  MIL 


VOH, 


NOISE 
IMMUNITY 
(HIGH  LEVEL) 


MAXIMUM  LOGIC 
"LOW"  OUTPUT 

VOITARF 


VOL-, 


NOISE 
IMMUNITY 
(LOW  LEVEL) 


Ml  NIMUM, LOGIC 
"HIGH"  INPUT 
VOLTAGE 


V'L2 


MAXIMUM  LOGIC 
"LOW"  INPUT 
VOLTAGE 


DRIVING 
DEVICE 


V0Ht 

— o  - 

vol, 


v,h2 
-  o— 

V'L2 


DRIVEN 
DEVICE 


Figure  12.  Input/Output  Voltage  Interface  Conditions. 


TRANSITION 
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Figure  13.  LS  Logic  "0"  Noise  Margin. 


Figure  14.  LS  Logic  "1"  Noise  Margin. 
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3.  A.C.  Characteristics 

INTRODUCTION 

Many  Low-Power  Schottky  functions  have  been  designed  spe- 
cifically to  replace  standard  TTL  elements  in  existing  system 
designs.  Their  A.C.  performance  characteristics  usually  meet 
or  exceed  the  limits  of  the  earlier  devices.  The  switching  terms 
which  are  used  on  data  sheets  to  describe  the  A.C.  performance 
of  these  designs  are  summarized  in  Table  4.  The  more  impor- 
tant parameters  are  discussed  in  detail  in  this  section. 


TABLE  4 

DEFINITION  OF  SWITCHING  TERMS 

(All  switching  times  are  measured  at  the  1.3V  logic  level  unless 
otherwise  noted.) 


tPLH 

tPHL 

tpw 

tr 

tf 

*s 

th 

tR 


fMAX  The  highest  operating  clock  frequency. 

""he  propagation  delay  time  from  an  input  change  to  an 
output  LOW-to-HIGH  transition. 

"  he  propagation  delay  time  from  an  input  change  to  an 
output  HIGH-to-LOW  transition. 

Pulse  width.  The  time  between  the  leading  and  trailing 
edges  of  a  pulse,  measured  at  the  50%  points. 
Rise  time.  The  time  required  for  a  signal  to  change  from 
10%  to  90%  of  its  measured  values. 
Fall  time.  The  time  required  for  a  signal  to  change  from 
90%  to  10%  of  its  measured  values. 
Set-up  time.  The  time  interval  for  which  a  signal  must 
be  applied  and  maintained  at  one  input  terminal  before 
an  active  transition  occurs  at  another  input  terminal. 
Hold  time.  The  time  interval  for  which  a  signal  must  be 
retained  at  one  input  after  an  active  transition  occurs 
at  another  input  terminal. 

Release  time.  The  time  interval  for  which  a  signal  may 
be  indeterminant  at  one  input  terminal  before  an  active 
transition  occurs  at  another  input  terminal.  (The  release 
time  falls  within  the  set-up  time  interval  and  is  specified 
by  some  manufacturers  as  a  negative  hold  time). 
HIGH  to  disable.  The  delay  time  from  a  control  input 
change  to  the  three-state  output  HIGH-level  to  high- 
impedance  transition  (measured  at  0.5V  change). 


tHZ 

also 

tPHZ 

tLZ 
also 

tPLZ 

tZH 

also 

*PZH 

*ZL 

also 

«PZL 


LOW  to  disable.  The  delay  time  from  a  control  input 
change  to  the  three-state  output  LOW-level  to  high- 
impedance  transition  (measured  at  0.5V  change). 

Enable  HIGH.  The  delay  time  from  a  control  input 
change  to  the  three-state  output  high-impedance  to 
HIGH-level  transition. 

Enable  LOW.  The  delay  time  from  a  control  input 
change  to  the  three-state  output  high-impedance  to 
LOW-level  transition. 


PROPAGATION  DELAYS 

The  standard  designations  for  delays  through  combinatorial 
logic  networks  are  tpHL  ar|d  tPLH-  A  delay  from  an  input 
chanye  to  an  output  going  LOW  is  called  tpn |_.  while  tpi_h| 
is  the  delay  from  an  input  change  to  an  output  going  HIGH. 


Figure  15  shows  a  typical  waveform  with  the  output  changing 
during  the  interval  indicated  by  the  diagonal,  sloping  line. 
Note  that  all  switching  times  shown  are  measured  at  the  1.3 
volt  logic  level. 


SAME  PHASE _ 
INPUT  TRANSITION 


IPLH  — 

 tPHL 

OPPOSITE  PHASE  \ 



/ 

INPUT  TRANSITION 

\  / 

13V 

ov 

V0H 
1.3V 

vol 


Figure  15.  Propagation  Delay. 


Typical  valuesforasingle  gate  propagation  delay  tpHL  i"  Low- 
Power  Schottky  functions  are  8— 10ns  into  a  15pF  load.  Higher 
performance  LS  families,  such  as  Am25LS,  exhibit  delays  in 
the  4  -  6ns  range.  These  propagation  delays  will  increase  by( 
2  -  4ns  at  an  output  loading  of  50pF  or  approximately  0.1ns 
per  pF.  See  Figure  16. 


Figure  16.  Am25LS138  Typical  Propagation  Delays 
Address  to  Output  (3  Levels). 

Table  5  shows  the  worst  case  delays  through  typical  two  and 
three  deep  gate  MSI  functions  such  as  multiplexers  and  de- 
coders. Speed  improvements  attainable  with  the  Am25LS 
higher  performance  LS  devices  at  this  level  of  complexity  are 
shown  to  be  in  the  range  of  20  to  40%.  Guaranteed  delays  into 
50pF  loads  are  being  specified  on  all  new  Am25LS  data  sheets. 
See  Table  8. 
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LS138  3-Line  to  8-Line  Decoder/Demultiplexer 

Parameters  Description 


TABLE  5 

COMPARISON  OF  AC  PARAMETERS  (TA  =  +25°C) 

Am25LS138 


Test  Conditions 


Min. 


Max. 


Am54LS138 
Am74LS138 
Min.  Max. 


Units 


tPLH 

Two  Level  Delay 
Select  to  Output 

VCC  =  5.0V,  Rj_  =  2kO,  CL  =  15pF 

15 

20 

ns 

«PHL 

21 

41 

«PLH 

Three  Level  Delay 
Select  to  Output 

23 

27 

ns 

»PHL 

27 

39 

<PLH 

G2A  or  G2B  to  Output 

15 

18 

ns 

«PHL 

23 

32 

«PLH 

G1  to  Output 

18 

26 

ns 

tpHL 

27 

38 

LS158  Quadruple  2-Line  to  1-Line  Data  Selectors/Multiplexers                 Am25LS158  Am54LS158 

Am74LS158 

Parameters               Description                             Test  Conditions                        Min.         Max.        Min.         Max.  Units 

<PLH 

Data  to  Output 

VCC  -  5.0V,  RL-  2kn,  CL  -  15pF 

9 

12 

ns 

<PHL 

11 

12 

tPUH 

Strobe  to  Output 

12 

17 

ns 

tPHL 

17 

18 

<PI_h 

Select  to  Output 

20 

20 

ns 

«PHL 

21 

24 

EDGE  RATES 

The  rise  and  fall  times  of  Low-Power  Schottky  devices  are  sim- 
ilar to  those  of  standard  TTL.  Into  a  50pF  load  fall  time,  tf,  is 
typically  6-8ns,  while  rise  time,  tr,  is  in  the  9-1 2ns  range.  A.C. 
parameters  are  measured  at  tf  <  6ns  and  tr  <  1 5ns. 


with 
empl 


As 
be 

tively 
to 
swi 

than  1 


standard  TTL,  careful  P.C.  board  layout  rules  should 
oyed  to  avoid  problems  which  can  occur  at  these  rela- 
fast  edge  rates.  In  particular,  precautions  should  be  taken 
insure  that  transmission  line  effects  do  not  cause  false 
tching  or  ringing  and  oscillation  problems  on  lines  longer 
8  inches.  See  Section  4  for  more  information. 


SEQUENTIAL  DEVICES 


Set-up 


time,  ts,  hold  time,  th,  and  release  time,  tR,  are  the 
most  important  parameters  for  specifying  sequential  elements 
such  as  latches,  flip-flops  and  registers. 

For  these  synchronous  devices,  inputs  must  be  stable  for  a  cer- 
tain period  of  time  before  the  clock  or  enable  pulse.  This  inter- 
val is  the  region  in  time  during  which  devices  are  "sampling" 
their  inputs.  As  an  example,  consider  a  latch  with  a  D  input 
and  an  active  LOW  clock.  The  latch  will  store  the  information 
present  on  its  input  just  before  the  clock  goes  HIGH.  The  ques- 
tion is,  how  long  does  the  input  level  have  to  be  present  and 
stable  before  the  clock  goes  HIGH?  A  particular  device  will 
sample"  its  input  at  some  exact  instant,  but  in  a  group  of  de- 
vices some  are  slower  than  others.  The  result  is  an  interval  of 
some  time  called  set-up  time  during  which  all  devices,  fast  or 
slow,  will  "sample"  their  inputs. 

All  devices  exhibit  a  hold  time.  That  is  a  period  of  time  after 
the  clock  or  enable  pulse  transition  during  which  the  data  can- 
riot  be  changed  without  loss  of  input  intelligence.  This  hold 
time  occurs  after  the  clock  goes  HIGH.  Figure  17  shows  the 
input  requirements  and  definitions  for  data  entry.  Release 
time  is  negative  hold  time  or  the  time  period  prior  to  the  clock 
input  after  which  the  data  can  be  released.  Typical  examples 
of  LS  characteristics  and  the  improvements  attainable  with 
high  performance  Am25LS  sequential  devices  are  shown  in 
Table  6. 


i 


Notes:  1.   Diagram  shown  for  HIGH  data  only.  Output  transition 
may  be  opposite  sense. 
2.   Cross  hatched  area  is  don't  care  condition. 


Figure  17.  Set-up,  Hold,  and  Release  Time  Definitions. 


fMAX. 

A  frequently  misunderstood  parameter  on  data  sheets  is 
maximum  clock  frequency  fry]AX-  This  was  defined  by  the 
early  TTL  manufacturers  as  the  maximum  toggle  frequency 
which  can  be  attained  by  the  device  under  ideal  conditions 
with  no  constraints  on  tr,  tf,  pulse  width,  or  duty  cycle.  Al- 
though f|\/IAX  as  specified  cannot  usually  be  attained  in  an 
operating  system,  it  is  a  relatively  easy  parameter  to  test  and 
provides  a  convenient  measure  of  comparative  performance 
between  different  devices.  For  instance.  Table  6  shows  the 
Am54/74LS174  at  fMAX  =  30MHz  (min.)  while  the  high-per- 
formance Am25LS  is  specified  at  40MHz  (min.).  Actual  toggle 
frequency  in  a  system  must  be  determined  from  the  specific 
signal  conditions  presented  to  the  device. 
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LS174/LS175  Hex/Quadruple  D-Type  Flip-Flops  with  Clear 

Parameters  Description  Test  Conditions 


Am25LS174 
Am25LS175 


Min. 


Max. 


Am54LS174 
Am54LS175 
Am74LS174 
Am74LS175 
Min.  Max. 


Units 


<PLH 

Clock  to  Output 

VCC  =  S.OV,  RL  =  2k!2,  CL  =  1  5pF 

23 

30 

ns 

«PHL 

22 

35 

«PLH 

Clear  to  Q  Output,  LS1 75  only 

25 

25 

'PHL 

Clear  to  Output 

35 

35 

tpw 

Pulse  Width 

Clock 

17 

20 

ns 

Clear 

20 

20 

«s 

Data  Set-up  Time 

20 

20 

ns 

»s 

Set-up  Time  Clear  Recovery  (in-active) 
to  Clock 

20 

25 

ns 

«h 

Data  Hold  Time 

5 

5 

ns 

<MAX 

Maximum  Clock  Frequency 

40 

30 

MHz 

EFFECTS  OF  TEMPERATURE  AND  POWER 
SUPPLY  VARIATIONS 


Standard  TTL  devices  exhibit  severe  degradation  in  A.C.  per- 
formance towards  the  recommended  limits  of  the  operating 
temperature  and  power  supply  voltage  ranges. 

Atelevated  temperature  and/or  high  Vcc  levels,  charge  storage 
begins  to  slow  down  A.C.  response.  At  the  other  extreme,  low 
temperature  and/or  low  Vcc.  tne  l°ss  of  &  causes  a  similar 
problem.  These  combined  effects  can  cause  more  than  50%  de- 
gradation in  performance  over  the  full  military  temperature 
and  power  supply  extremes. 

As  noted  in  Section  1,  Low-Power  Schottky  technology  re- 
duces the  impact  of  both  of  these  effects  on  performance.  /3 
degradation  at  cold  temperatures  is  far  less  severe  and  Schott- 
ky clamping  largely  eliminates  the  effects  of  charge  storage  at 
high  temperature. 

General  guidelines  for  variation  in  the  AC  response  over  tem- 
perature and  power  supply  variations  are  not  easy  to  specify. 
Typical  measured  variations  for  a  combinatorial  and  a  sequen- 
tial device  are  shown  in  Figures  16  and  18. 

The  system's  designer  would  like  a  factor  which  will  allow  his 
system  to  meet  specification  with  minimum  design  overkill. 
However,  the  component  engineer  often  requires  maximum 
delays  to  be  guaranteed.  For  system  design  guidelines,  the  AC 
derating  factors  of  Table  7  may  be  useful. 

It  must  be  emphasized  that  the  values  of  Table  7  are  typical. 
However  as  it  is  unlikely  that  any  given  system  will  contain  all 
worst  case  devices  they  will  usually  yield  a  fairly  safe  prediction 
of  the  system  performance  which  can  be  achieved. 

Individual  components  will  of  course  be  slower  than  these 
typical  numbers.  These  must  be  reflected  on  procurement 
specifications.  A  general  rule  of  thumb  would  be  to  double  the 
system  design  guidelines  of  Table  7.  New  Am25LS  specifica- 
tions are  now  being  published  with  worst  case  parameters 
guaranteed  over  the  operating  power  supply  and  temperature 
ranges,  as  well  as  at  a  realistic  system  load  condition  of  50pF. 
A  typical  example  of  this  format  is  shown  inTable  8. 

SHORT  CIRCUIT  OUTPUT  CURRENT 

To  improve  performance,  in  1975  Tl  lowered  the  short-circuit 
current  limiting  resistor  value.  This  increased  the  Igc  ('OS) 
range  from  -6  to  -42mA  up  to  -30  to  -130mA.  The  overall 
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Figure  18.  Typical  A.C.  Variations  with  Temperature  and 
Power  Supply  for  Am25LS193  Counter. 

TABLE  7 

GUIDELINES  FOR  TYPICAL  VARIATION 
OF  A.C.  PARAMETERS  WITH  COMBINED 
TEMPERATURE  AND  VCC  VARIATION 


Temperature  Range 

VCC 
Variation 
(Nominal  5V) 

AC  Derating  Factor 

System 

Component 

COM'L,  0°C  to  +70°  C 

None 

5% 

10% 

COM'L,  0°C  to  +70°C 

10.25V 

15% 

30% 

MIL,  -55°C  to  +125°C 

None 

15% 

30% 

MIL,  -55°  C  to  +  125°C 

±0.5V 

25% 

50% 
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delay  when  driving  very  large  capacitive  loads  (>150pF)  was 
reduced  somewhat  as  a  result.  However,  the  inherent  circuit 
performance  still  dominates  in  normal  applications  such  that 
the  Am25LS  and  other  high  performance  families  remain 
faster  even  when  driving  large  capacitive  loads. 

As  an  attempt  to  offer  standardized  specifications,  most 
manufacturers,  including  Advanced  Micro  Devices,  Fairchild, 
Motorola,  Raytheon,  and  Signetics,  also  lowered  their  short- 
circuit  current  limiting  resistor  values  on  new  designs  to  pro- 


vide a  typical  Isc  °f  —60mA.  Most  manufacturers  now  specify 
-15  to  —100mA  to  accommodate  both  old  and  new  circuits. 
The  maximum  value  of  —100mA  was  chosen,  as  —130mA  was 
felt  to  be  too  high  for  a  noise  sensitive  system  design.  The 
Am25LS  high  performance  family  is  specified  even  tighter, 
with  the  maximum  Isc  limited  to  —85mA. 
Early  in  1977  Tl  changed  their  data  sheets  yet  again  to  specify 
ISC  from  -20mA  to  -100mA  on  regular  outputs  and  -30mA 
to  -130mA  on  three-state  outputs. 


TABLE  8 

Am25LS2513  THREE-STATE  PRIORITY  ENCODER 
A.C.  SPECIFICATION  FORMAT  FOR  VCC  AND  TEMPERATURE 
EXTREMES  AND  50pF  LOAD  CONDITION 

SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

lj  to  An  (In-phase) 

17 

25 

ns 

'PHL 

17 

25 

•PLH 

lj  to  An  (Out-phase) 

11 

17 

ns 

'PHL 

12 

18 

'PLH 

Tj  to  EO 

7.0 

11 

ns 

'PHL 

24 

36 

'PLH 

11  to  EO 

CL-  15pF 

11 

17 

ns 

«PHL 

RL  =  2.0kn 

23 

34 

«PLH 

El  to  An 

12 

18 

-ns 

«PHL 

14 

21 

«ZH 

Gi  or  G2  to  An 

23 

40 

ns 

'ZL 

20 

37 

«ZH 

G3,  G4,  G5  to  An 

20 

30 

ns 

<ZL 

18 

27 

'HZ 

Gi  or  G2  to  An 

17 

27 

ns 

«LZ 

CL-5.0pF 

19 

28 

«HZ 

G3,  G4,  G5  to  An 

R-L  =  2.0kn 

16 

24 

ns 

'LZ 

18 

27 

SWITCHING  CHARACTERISTICS 

Am25LS  COM'L 

Am25LS  MIL 

Units 

OVER  C 
Paramete 

)PERATING  RANGE 

rs                   Description                       Test  Conditions 

TA  -  0°C  to  +70°  C 
VCC  =  5.0V±5% 

Min.  Max. 

TA  =  -55°Cto+125°C 
VCC  =  5.0V±10% 

Min.  Max. 

<PLH 

I  j  to  An  (In-phase) 

CL  =  50pF 

RL  =  2.0kSJ 

31 

37 

ns 

'PHL 

30 

34 

'PLH 

lj  to  An  (Out-phase) 

22 

27 

ns 

'PHL 

22 

25 

'PLH 

T|  to  EO 

15 

18 

ns 

«PHL 

48 

60 

'PLH 

U  to  EO 

19 

21 

ns 

'PHL 

46 

57 

«PLH 

IT  to  An 

22 

25 

ns 

'PHL 

27 

32 

«ZH 

Gi  or  G2  to  An 

42 

49 

ns 

«ZL 

43 

49 

♦ZH 

G3,  G4,  G5  to  An 

36 

43 

ns 

'ZL 

35 

43 

'HZ 

Gi  or  G2  to  An 

CL  =  5.0pF 
R  l  -  2.0kn 

34 

40 

ns 

'LZ 

34 

40 

'HZ 

G3,  G4,  G5  to  An 


30 

35 

ns 

«LZ 

31 

35 
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4.  Design  Guidelines 


POWER  SUPPLY  CONSIDERATIONS 


The  recommended  power  supply  voltage  (Vqc)  f°r  a"  TTL 
circuits,  including  LS,  is  +5V.  Commercial  temperature  range 
devices,  designated  74LS  or  in  the  case  of  Am25LS  with  the 
suffix  C,  are  specified  with  a  ±5%  supply  tolerance  (±250mV) 
over  the  ambient  range  0°C  to  70° C.  Military  range  parts,  des- 
ignated 54LS  or  in  the  case  of  Am25LS  with  the  suffix  M,  are 
guaranteed  with  a  ±10%  supply  tolerance  (±500mV)  over  an 
ambient  temperature  range  of  —  55° C  to  +125°C.  The  power 
supply  should  be  well  regulated  with  a  ripple  less  than  5%  and 
with  regulation  better  than  5%.  Even  though  LS  devices  gener- 
ate significantly  smaller  power  supply  spikes  when  switching 
than  standard  TTL,  on-board  regulation  is  still  preferable  to 
isolate  this  noise  to  one  board. 

A  low-inductance  transmission  line  power  distribution  bus 
with  good  RF  decoupling  is  necessary  for  large  systems.  On 
all  boards,  ceramic  decoupling  capacitors  of  0.01uF  to  0.1uF 
should  be  used  at  least  one  for  every  five  packages,  and  one  for 
every  one-shot  (monostable),  line  driver  and  line  receiver  pack- 
age. In  addition,  a  larger  tantalum  capacitor  of  20jjF  to  100uF 
should  be  included  on  each  card.  On  boards  containing  a  large 
number  of  packages,  a  low  impedance  ground  system  is  essen- 
tial. The  ground  can  either  be  a  bus  or  a  ground  which  is  incor- 
porated with  the  Vcc  supply  to  form  a  transmission  line  power 
system.  Separate  power  transmission  systems  can  be  attached 
to  the  board  to  provide  this  same  feature  without  the  cost  of  a 
multi-  ayer  PC  card. 

UNUSED  INPUTS 

An  unused  input  to  an  AND  or  NAND  gate  should  not  be  left 
floating  as  it  can  act  as  an  antenna  for  noise.  On  devices  with 
storage,  such  as  latches,  registers  and  counters,  it  is  particu- 
larly important  to  terminate  unused  inputs  (MR,  PE,  PL,  CP) 
properly  since  a  noise  spike  on  these  inputs  might  change  the 
contents  of  the  memory.  This  technique  optimizes  switching 
speed  as  the  distributed  capacitance  associated  with  the  float- 
ing input,  bond  wire  and  package  leads  is  eliminated.  To  ter- 
minate, the  input  should  be  held  between  2.4V  and  the  max- 
imum input  voltage.  One  method  of  achieving  this  is  to  con- 
nect the  unused  input  to  Vcc-  Most  LS  inputs  have  a  break- 
down voltage  >7V  and  require  no  series  resistor.  Devices  spe- 
cified with  a  maximum  5.5  volt  breakdown  should  use  a  1kf2 
to  10kfi  current  limiting  series  resistor  to  protect  against  Vcc 
transients.  Another  method  is  to  connect  the  unused  input  to 
the  output  of  an  unused  gate  that  is  forced  HIGH.  Do  not  con- 
nect an  unused  input  to  another  input  of  the  same  NAND  or 
AND  function.  Although  recommended  for  standard  TTL,  with 
LS  this  increases  the  input  coupling  capacitance  and  reduces 
A.C.  noise  immunity. 

TRANSMISSION  LINE  EFFECTS 

The  relatively  fast  rise  and  fall  times  of  Low-Power  Schottky 
TTL  (5  to  15ns)  can  cause  transmission  line  effects  with  inter- 
connections as  short  as  18  inches.  With  one  TTL  device  driving 
another  and  the  driver  switching  from  LOW  to  HIGH,  if  the 
propagation  delay  of  the  interconnection  is  long  compared  to 
the  signal  rise  time,  the  arrangement  can  behave  like  a  trans- 
mission line  driven  by  a  generator  with  a  non-linear  output. 


The  initial  voltage  step  at  the  output,  just  after  the  driver  has 
switched,  propagates  down  the  line  and  reflects  at  the  end.  In 
the  typical  case  where  the  line  is  open  ended  or  terminated  in 
an  impedance  greater  than  its  characteristics  impedance  (Zol). 
the  reflected  wave  arrives  back  at  the  source  and  increases 
VOUT-  If tne  tota'  round-trip  delay  is  longer  than  the  rise  time 
of  the  driving  signal,  a  staircase  response  results  at  the  driver 
output  and  along  the  line.  If  one  of  the  driven  devices  is  con- 
nected close  to  the  driver,  the  initial  output  voltage  (VoUT' 
seen  by  it  might  not  exceed  V|H-  The  state  of  the  input  is  un- 
determined until  after  the  round  trip  of  the  transmission  line, 
thus  slowing  down  the  response  of  the  system. 

The  longest  interconnection  that  should  be  used  with  LS  de- 
vices without  incurring  problems  due  to  line  effects  is  in  the 
10—12  inch  range. 

With  longer  interconnections,  transmission  line  techniques 
should  be  used  for  maximum  speed.  Good  system  operation 
can  be  obtained  by  designing  around  100  ohm  lines.  A  0.026 
inch  (0.65mm)  trace  on  a  0.062  inch  epoxy-glass  board 
(Er  =  4.7)  with  a  ground  plane  on  the  other  side  represents  a 
100f2  line.  28  to  30  gauge  wire  (0.25  to  0.30mm)  twisted  pair 
line  has  a  characteristic  impedance  of  100  to  1 15f2. 

LINE  DRIVING  AND  RECEIVING 

For  lines  longer  than  2  feet,  twisted  pairs  of  coaxial  cable 
should  be  used.  The  characteristic  impedance  or  the  transmis- 
sion media  should  be  approximately  1 20£l  such  as  twisted  pairs 
of  #26  wire  or  100S2  coax.  A  possible  choice  is  cables  with  a 
characteristic  impedance  R0  of  100SI  such  as  ribbon  cable  or 
flat  cable  with  controlled  impedance.  Resistive  pull-ups  at  the 
receiving  end  can  be  used  to  increase  noise  margin.  Where  re- 
flection effects  are  unacceptable,  the  line  must  be  terminated 
in  its  characteristic  impedance.  A  method  shown  in  Figure  19 


Figure  19.  LS  Driving  Twisted  Pair. 
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has  the  output  of  the  line  tied  to  VrjC  through  a  resistor  equiv- 
alent to  the  characteristic  impedance  of  the  line.  As  the  output 
impedance  of  the  LS  driver  is  low  and  must  sink  the  current 
through  it,  in  addition  to  the  current  from  the  inputs  being 
driven,  a  useful  technique  is  to  terminate  the  line  in  a  voltage 
divider  with  two  resistors,  each  twice  the  line  impedance.  This 
reduces  the  extra  sink  current  by  50%.  Where  the  line  exceeds 
five  feet  in  length  it  is  preferable  to  dedicate  gates  solely  to 
line  driving. 

For  additional  noise  immunity  when  driving  long  lines,  a  dif- 
ferential line  driver  and  line  receiver  may  be  used.  These  dedi- 
cated line  interface  circuits  drive  a  twisted  pair  of  wires  differ- 
entially, permit  easy  termination  of  lines  and  provide  excellent 
common  mode  noise  rejection. 

The  Am26LS31  driver  and  Am26LS32  and  Am26LS33  are 
quad  differential  line  drivers  and  receivers  satisfying  the  inter- 
face requirements  of  EIA  RS-422  and  423  as  well  as  military 
applications,  Figure  20.  They  are  designed  to  operate  off  the 
standard  5V  power  supplies  of  the  LS  logic  devices.  More 
applications  information  on  line  termination  techniques  is 
provided  on  the  above  mentioned  device  data  sheets. 


input  threshold  region  (0.8  -  2.0V)  following  a  HIGH-to-LOW 
level  change.  When  a  driver  switches  from  a  HIGH-to-LOW 
state  the  output  voltage  should  fall  below  the  threshold  value. 
However,  a  line  having  a  very  low  characteristic  impedance 
does  not  allow  transistor  Q5  in  the  NAND  gate  example  to  sat- 
urate, and  the  resulting  output  voltage  may  not  be  low  enough 
to  switch  an  adjacent  device  until  two  or  more  line  delay  times. 
The  low  current  levels  at  which  LS  devices  operate,  coupled 
with  the  low  output  impedance  in  both  HIGH  and  LOW  Logic 
states,  minimize  crosstalk  effects.  Input  clamp  diodes  provided 
on  all  LS  devices  are  extremely  effective  in  reducing  ringing 
phenomenon. 

Care  should  be  taken  to  insure  that  signals  with  falling  edges 
faster  than  2.5-3ns/volt  are  not  coupled  into  the  input  of  an 
LS  function.  Even  though  the  signal  may  not  pass  into  the 
threshold  region,  if  the  pulse  edge  is  fast  enough,  sufficient 
energy  may  be  capacitively  coupled  into  a  sequential  device  to  I 
cause  it  to  change  state:  High  speed  Schottky  elements  in  a 
test  setup  can  exceed  this  limit.  However  in  an  active  system, 
the  edges  will  generally  be  slowed  sufficiently  to  eliminate  any  | 
problem. 


CROSS-TALK  AND  RINGING 

These  two  problems  may  be  experienced  with  all  forms  of  high 
speed  digital  logic.  Crosstalk  is  the  coupling  of  energy  from 
one  circuit  to  another  via  real  or  parasitic  capacitance  and  in- 
ductance. Ringing  is  the  possible  rebound  of  the  signal  into  the 


■ 
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Figure  20.  Differential  Line  Driving  and  Receiving  with  the  Am26LS31  and  Am26LS32. 
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RELIABILITY  REPORT 
SCHOTTKY  AND  LOW-POWER 
SCHOTTKY  TTL  DEVICES 


By  Lawrence  Drake  and  Jeff  Kersey 


RELIABILITY  TESTING  OF  SCHOTTKY  DEVICES 

Reliab  lity  testing  of  AMD  TTL  devices  using  gold-doped  and 
Schottky  (S  and  LS)  processes  shows  both  technologies  to  be 
extremely  stable.  Life  test  data  (MIL-STD-883,  Method  1005 
i  C,  subgroup  5  testing  1000  hours,  125°C  Operating 
for  3610  parts  yielded  two  failures  -  one  slightly  out 
of  specification  at  25°  C  only,  the  other  suspected  to  have  been 
by  handling.  Even  considering  the  two  failures,  the 
rate  is  only  0.05%  per  thousand  hours  at  125°C  or 
1.0005%  per  thousand  equivalent  at  70°  C  (lev  acceleration 
activaton  energy).  Three  lots  (231  parts)  were  Schottky  TTL 
devices. 


for  G 
Life) 


damaged 
failure 
0.I 


basic 


The 
demon 
devised 
Two 

indicated 
recorded 
Group 
failures 
trends 
have 


:-test 


design  reliability  of  Schottky  technology  has  been 
strated  in  an  extended  life  test  on  special  circuit  patterns 
so  that  individual  circuit  elements  could  be  measured, 
groups  of  22  of  these  special  test  patterns  were  stressed  as 
in  Table  1  at  125°C.  Change  in  the  parameters  were 
at  11,000  hours  for  Group  I  and  10,000  hours  for 
II  and  are  presented  in  Tables  II  and  III.  No  device 
occured  during  these  tests  and  no  significant  drifts  or 
evident.  Several  leakage  parameters  (I|h,  IcEO.  Ilk) 
percentage  changes  but  the  absolute  values  are  in  the 
range  and  approach  the  measurement  systems  re- 
limit.  Decreases  as  well  as  increases  in  these  currents 
so  trends  are  not  indicated. 

devices  (74LS174,  74LS175  and  25LS161)  were 
for  parameter  drift  during  1000  hour  Life  Tests  at 
using  a  MIL-STD-883,  Method  1005,  Condition  C 
•State,  Power  and  Reverse  Bias)  circuit.  As  can  be  seen 
Tables  IV,  V  and  VI,  no  significant  change  occurred; 
device  failures  in  any  of  these  tests.  The  tests  for  the 
's  and  74LS175  contained  4  reference  or  control 
subjected  to  the  test,  but  included  in  the  pre  and 
measurements.  In  most  instances  the  test  parts  para- 
shift  was  within  measurement  spread  for  the  control 


not 


are  e 
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solution 
occurred 
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Several  Group  C  tests  as  previously  mentioned  have  been  run 
on  Schottky  devices.  These  tests  as  well  as  the  ones  previously 
discussed  are  presented  in  Table  VII. 

FAILURE  MECHANISM  OF  TTL  MSI/LSI  CIRCUITS 

Standard  TTL  circuits:  AMD's  experience  as  well  as  that  of 
the  Military  as  reported  in  RADC  Reports  and  other  sources 
indicate  that  bond  lead  wire  and  package  defects  account  for 
more  than  half  of  device  failures.  Diffusion  and  other  bulk 
defect,  oxide  faults,  metallization  damage  and  other  die  fabri- 
cation anomalies  cause  10  to  15%  of  failures.  Surface  problems 
contribute  20  to  40%.  Die  fabrication  problems  do  cause  some 
yield  loss  but  are  not  time-stress  dependent  failure  mechanisms. 
Thus  assembly  anomalies  and  surface  effects  are  the  usual  life 
limiting  items. 


Schottky/LS  Circuits:  Schottky  diodes  made  by  a  simple 
metal-semiconductor  contact  have  a  reverse  characteristic 
that  is  predominantly  edge  leakage,  Figure  1a.  Most  Schottky 
diodes  have  superimposed  on  them  an  annular  diffused  junc- 
tion diode  of  a  higher  breakdown  than  that  expected  of  the 
Schottky  diode.  This  "guard  ring"  allows  the  Schottky  diode 
to  avalanche  breakdown  as  expected  by  theory,  Figure  1b.  In 
addition  non-guard  ring  Schottky  diodes  suffer  degradation  of 
the  reverse  leakage  characteristics  if  biased  into  breakdown 
repeatly;  for  this  reason  our  devices  are  designed  so  that  no 
user  accessible  non-guard  ring  Schottky  diodes  exist.  Other 
than  this  anticipated  potential  problem  corrected  by  design 
there  appear  to  be  no  distinct  Schottky  failure  mechanisms  in 
non-aluminum  contact  Schottky  devices. 

SCHOTTKY  PROCESSING  DETAILS 

Processing  of  Schottky  devices  is  identical  to  that  of  TTL 
devices,  with  the  exception  of  the  gold  doping  steps,  to  the 
point  where  contact  openings  have  been  etched.  Following  the 
contact  etch,  platinum  is  sputtered  to  form  a  uniform  deposi- 
tion across  the  surface  of  the  wafer.  This  is  followed  by  a  high- 
temperature  sinter  to  form  platinum  silicide  in  each  contact 
window.  All  unreacted  platinum  is  stripped  with  an  etchant 
not  active  on  the  platinum  silicide.  Platinum  silicide  remains  in 
the  contact  windows  and  no  photomasking  was  involved,  just  a 
selective  etch. 

The  next  step  is  the  deposition  of  the  titanium  tungsten  barrier 
material  followed  by  the  aluminum  layer.  Both  layers  are  then 
etched  to  delineate  the  circuit  intra-connect  pattern  using  stan- 
dard photomasking  techniques. 

The  entire  process  seems  complicated  at  first  glance  because  of 
the  three-layer  structure  that  results,  but  each  layer  serves  a 
definite  purpose. 

Platinum  silicide  forms  the  actual  Schottky  barrier  junction  and 
produces  a  reliable  diode  with  stable  and  predictable  character- 
istics. Platinum  could  conceivably  be  used  as  the  current  carry- 
ing intra-connect  metallization  but  there  is  no  platinum  etch 
compatible  with  current  photomasking  materials. 

Tungsten  is  required  to  prevent  the  diffusion  of  aluminum  into 
the  platinum  silicide  junction;  however,  tungsten  alone  has  a 
tendency  to  peel  because  of  poor  adherence  to  the  Si02.  The 
addition  of  titanium  solves  the  adhesion  problem  and  the  re- 
sulting composite  material  has  etch  characteristics  similar  to 
aluminum  so  that  only  one  photomasking  and  etch  operation 
is  necessary  to  define  the  intra-connects,  rather  than  separate 
operations  for  Ti-W  and  A1 . 

Surface  passivation  and  scratch  protection  is  applied  and  etched 
in  exactly  the  same  manner  as  those  devices  using  aluminum 
metallization  only. 

Extensive  life  test  data  on  this  structure  proves  that  it  is  a  re- 
peatable,  stable,  and  reliable  process. 
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COMMENTS 

Data  has  been  presented  from  an  ongoing  reliability  program 
for  Schottky  devices.  No  device  failures  have  occurred  in  nearly 
one-half  million  unit  hours  of  life  testing  at  125°C.  Current 
data  from  various  sources  indicate  that  I  e  v  is  a  conservative 
value  for  activation  energy  in  calculating  acceleration  factors. 


Using  this  value  and  a  Poisson  distribution  an  equivalent  70  C 
failure  rate  of  no  worse  than  0.001%  per  thousand  hours  is 
estimated  at  a  90%  confidence. 

Schottky  and  LS  integrated  circuits  provide  improved  perfor- 
mance over  standard  gold-doped  TTL  devices  at  the  same  high 
reliability  experienced  with  these  non-Schottky  parts. 


a)  Discrete  Schottky  Diode. 


HP 


+ 


SUBSTRATE 


b)  Discrete  Schottky 
"Guard-Ring"  Diode. 


+ 


c)  Schottky  Clamped  Transistor. 


it 


=>  — Chc 


Figure  1.  Schottky  Device  Construction. 
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TABLE  I 
LIFE  TEST  BIAS  CONDITIONS 


Standard  Gate 

Schottky-clamped  2-input  TTL 
NAND  gate 

Gate  ON 
Output  open 
Vcc  =  5-ov 

Phase-Splitter  Geometry 

1.0  mil  emitter,  non-guard  ring 
Schottky  clamp  diode 

IB  =  1mA 
IC  -  5mA 
emitter  -  ulNU 

Output  Geometry 

4.5  mil  emitter,  guard-ring  Schottky 
clamp  diode 

IB  =  4mA 
IC  =  20mA 
Emitter  =  GND 

Resistors 

600H  base  resistor  in  series  with  a 
40f2  emitter  resistor. 

Ir  =  7.8mA 

Schottky  Diode 

0.5  mil  x  3.0  mil,  non-guard  ring 
structure 

ID  =  10mA 

Metallization  Run 

0.2  mil  by  approximately  60  mil 

I  =  10mA 

Ambient  Temperature 

125°C 

TABLE  II 
TEST  PATTERN  GROUP  I 

11,000  HR  DATA  SUMMARY 


Structure 

Parameter 

Average 
Initial 
Value 

Average 
I  Delta | 

% 

Average 
Delta 

vos 

.179V 

I-)  1.1  mV 

.61 

Standard 

vol 

398V 

(-)  8.3mV 

2.1 

Gate 

v0h 

2.954V 

(+l  6.3mV 

.21 

l|H 

.31  7mA 

(+l  .34^A 

107.0 

vBc 

.626V 

(+)  5.0mV 

.8 

Phase- 

vBe 

.827V 

l+)  1.4mV 

.17 

Splitter 

VSAT 

.518V 

l+l  1.7mV 

.33 

Geometry 

hFE 

58.00 

(-)  3.2 

5.5 

ICEO 

.04,1  A 

.03»*A 

83.0 

VBC 

.621V 

l+)  2.1mV 

.34 

Output 
Geometry 

vBe 

VSAT 

.848V 
.345V 

1+)  2.0mV 
3.4mV 

.24 
.99 

hFE 

66.00 

(-)  1.3 

1.97 

ICEO 

.025uA 

(-)  .023mA 

92.0 

Resistors 

V 

.527V 

(+1  4.7mV 

.89 

VSBD  @  100uA 

.398V 

(+)  8.0V 

2.0 

Schottky 

VSBD  <s>  10mA 

.630V 

(+1  3.0mV 

.48 

Diode 

ilk 

.08m  A 

(-1  .06mA 

79.0 

vBr 

24.5V 

(+)  1.56V 

6.4 

Metal  Run 

V 

11  7.0mV 

(+)42mV 

35.9 
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TABLE  III 
TEST  PATTERN  GROUP  II 

10,000  HR  DATA  SUMMARY 


Structure 

Parameter 

Average 
Initial 
Value 

Average 
I  Delta  I 

% 

Average 
Delta 

vos 

.249  V 

(  +  )  2.3mV 

.92 

Standard 

vol 

.489  V 

1.7mV 

.35 

Gate 

V0H 

2.958V 

3.6mV 

.12 

I  |H 

,114uA 

(+)  ,09uA 

81.0 

VBC 

.563V 

(-)  2.0m  V 

.36 

Phase- 

Vbe 

,841V 

(+)  2.5mV 

.3 

Splitter 

vsat 

,718  V 

1 .4mV 

.19 

Geometry 

nFE 

28.4 

.2 

.7 

'ceo 

.298uA 

M  ,3mA 

101.0 

vBc 

.551V 

(  +  )  4.5mV 

.82 

Output 
Geometry 

vbe 

VSAT 
nFE 

,849V 

,432V 
62.0 

1  +  )  1.9mV 
1.1  mV 
.5 

.22 
.25 
.8 

ICEO 

2.03jiA 

(-)     .32m  A 

15.8 

Resistors 

V 

.562V 

(-)  2.4mV 

.46 

^SBD  @  100m A 

.328V 

(  +  )  2.1mV 

.64 

Schottky 

VSBD  @  10mA 

.566  V 

(  +  )  3.0mV 

.53 

Diode 

ilk 

.09mA 

.09uV 

100.0 

vBr 

24.9  V 

97mV 

.39 

Metal  Run 

V 

1  24.0m  V 

6.4mV 

5.2 

TABLE  IV 
1000  HOUR  LIFE  TEST  DATA 
FOR  Am25LS161 


Test 
No. 

Parameter 

Limit 

Initial  Value 

Delta  @  1000  Hrs. 

Units 

Min. 

Max. 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

101 

Input  Clamp  Voltage 

-1.5 

-.822 

-.839 

-.921 

-.019 

-.027 

-.113 

Volts 

141 

Input  LOW  Current 

-800 

-493 

-576 

-656 

+1.0 

-1.0 

-2.3 

MA 

143 

Input  HIGH  Current  @  2.7V 

40 

0 

0 

0 

0 

0 

0 

ma 

144 

Input  HIGH  Current  @  7.0V 

200 

0 

0 

0.9 

0 

0 

1.4 

uA 

200 

Output  HIGH  Voltage 

2.5 

3.04 

3.07 

3.11 

-.01 

0 

+.03 

Volts 

202 

Output  Short-Circuit  Current 

-15 

-85 

-32.0 

-35.9 

-42.5 

-.8 

-1.4 

-4.2 

mA 

204 

Output  Leakage  Current 

0 

0 

1.0 

0 

0 

-1.0 

"A 

205 

Output  LOW  Voltage  at  Iql  =  3mA 

0.4 

.271 

.295 

.328 

-.007 

0 

.005 

Volts 

206 

Output  LOW  Voltage  at  Iql  -  4mA 

0.45 

.223 

.242 

.265 

-.008 

0 

.005 

Volts 

300 

Power-Supply  Current,  all  Outputs  HIGH 

31 

18.0 

21.2 

24.2 

-.20 

0 

.60 

mA 

302 

Power-Supply  Current,  all  Outputs  LOW 

32 

19.5 

22.9 

25.7 

-.20 

0 

.80 

mA 
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TABLE  V 
1000  HOUR  LIFE  TEST  DATA 
FOR  Am74LS174 

Parameter 

Typical 
Initial 
Value 

Average 
Percent 
Change 

Substrate  Leakage 

0>iA 

0 

Min  Vqc  to  Function 

2.19V 

0 

Schottky  Voltage  @  100mA 

.484V 

0 

Vqh.  Output  High  Voltage 

2.92V 

-.11 

'SC<  Short-Circuit  Output  Current 

26.38mA 

0.3 

'CEX-  Output  Leakage 

7.8  5nA 

0 

VqlI  .  Output  Low  Voltage  @  4mA 

.270V 

0.05 

Vql2-  Output  Low  Voltage  @  8mA 

.328V 

0 

Input  Low  Current 

171uA 

-0.9 

Vtn,  Input  Threshold  Voltage 

1.015V 

0.2 

l|H,  Input  Leakage 

.04/iA 

-12 

l|g,  Input  Breakdown  Current 

0/jA 

0 

V|fj,  Input  Clamp  Diode 

.894V 

0.6 

'CC'  Supply  Current  @  5.5V 

13.54mA 

0.3 

'CM-  Supply  Current  @  7V 

18.46mA 

0 

tpd+,  CP  to  Qn 

1 1 .99ns 

0 

tpd^,  CP  to  QD 

1 1 .44ns 

0.1 

TABLE  VI 
1000  HOUR  LIFE  TEST  DATA 
FOR  Am74LS157 

Parameter 

Typical 
Initial 
Value 

Average 
Percent 
Change 

Substrate  Leakage 

7(iA 

0 

Min  Vrjc  to  Function 

2.84V 

0.09 

Schottky  Voltage  @  100/iA 

.452V 

0.2 

Vqh.  Output  HIGH  Voltage  2.92V 

2.92V 

0 

'SC-  Short-Circuit  Output  Current 

26.4mA 

0.3 

'CEX- Output  Leakage 

0mA 

0 

VqlI  <  Output  Low  Voltage  @  4mA 

.277V 

0 

vOL2<  Output  Low  Voltage  @  8mA 

.331V 

0 

l|[_.  Input  Low  Current 

313uA 

0.3 

Vtn,  Input  Threshold  Voltage 

1.08V 

0 

l|H,  Input  Leakage 

0.5m  A 

0 

l|B,  Input  Breakdown  Current 

0mA 

0 

V[c,  Input  Clamp  Diode 

.837V 

0 

'CC-  Supply  Current  @  5.5V 

10.1mA 

0 

IrjM.  Supply  Current  <§>  7V 

13.48mA 

0 

tpd+,  1A  to  1Y 

5.1  ns 

0.3 

tpd_.  1A  to  1Y 

5.4ns 

0 

2-24 


Reliability  Report 


TABLE  VII 
125°C  LIFE  TEST  DATA 


E 

evice 

Test  Type 

No.  Parts 

Hours  on  Test 

Thousand 
Unit  Hours 

Failures 

70°  C  Equivalent 
Failure  Rate* 

Test 

Pattern  I 

Design 

22 

1 1 ,000  Hr. 

242 

0 

0.008%  per  thousand  hours 

Test 

Pattern  II 

Design 

22 

10,000  Hr. 

220 

0 

0.009 

74  LS 

174 

Param.  Drift 

20 

2.000  Hr. 

80 

0 

0.02 

74LS175 

Param.  Drift 

20 

2,000  Hr. 

80 

0 

0.02 

2BLS 

161 

Param.  Drift 

100 

1,000  Hr. 

100 

0 

0.02 

74LS157 

Group  C  Life 

77 

1,000  Hr. 

77 

0 

0.02 

74LS161 

Group  C  Life 

77 

1,000  Hr. 

77 

0 

0.02 

74  LS 

193 

Group  C  Life 

77 

1,000  Hr. 

77 

0 

0.02 

TOTAL  DEVICE  -  371 

491 

0 

0.001 

•Equivalent  failure  rate  at  70°  C  calculated  from  Poisson  distribution  of  a  zero  defect  sample  and  activation  energy  or  1 .0  ev  for  acceleration  factor. 
Equivalent  failure  is  not  greater  than  the  quoted  value  at  90%  confidence. 
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Definit  on  of  Standard 

Low-Power  Schottky  Terms  3-2 

Am25LS07/08   3-3 

Am25LS09  3-7 

Am25LS14   3-11 

Am25LS15   3-16 

Am25LS22   3-20 

Am25LS23   3-26 

Am25LS/54LS/74LS138  3-30 

Am25LS/54LS/74LS139  3-34 

Am25LS/54LS/74LS148  3-39 

Am25LS/54LS/74LS1 51/251   3-44 

Am25LS/54LS/74LS1 53/253    3-50 

Am25LS/54LS/74LS157/158   3-55 

Am25LS/54LS/74LS160A/161A/162A/163A  . .  3-59 

Am25LS/54LS/74LS164  3-64 

Am25LS/54LS/74LS168A/169A   3-69 

Am25LS/54LS/74LS174/175   3-81 

Am25LS/54LS/74LS181  3-85 

Am25LS/54LS/74LS190/191   3-93 

Am25LS/54LS/74LS192/193    3-99 

Am25l[s/54LS/74LS194A/195A   3-105 

Am25LS/54LS/74LS240   3-110 

Am25LS/54LS/74LS241/244   3-114 

Am25LS/54LS/74LS242/243   3-118 

Am54LS/74LS245    3-123 

Am25LS/54LS/74LS251  3-124 

Am25LS/54LS/74LS253   3-125 

Am25LiS/54LS/74LS257/258   3-126 

Am25LS/54LS/74LS273B  3-131 

Am25LS/54LS/74LS281  3-136 

Am25LS/54LS/74LS299   3-145 

Am25LS/54LS/74LS322   3-151 

Am25LS/54LS/74LS323   3-152 

Am54LS/74LS348   ,  3-153 

Am25LS/54LS/74LS373/533    3-154 

Am25LS/54LS/74LS374/534   3-158 

Am25LS/54LS/74LS377B  3-163 

Am25LS/54LS/74LS378/379   3-168 

Am25LS/54LS/74LS381/Am25LS2517  3-173 

Am25LS/54LS/74LS384   3-187 

Am25LS/54LS/74LS385   3-188 


Am25LS/54LS/74LS388   3-189 

Am25LS/54LS/74LS399    3-190 

Am54LS/74LS424   3-195 

Am54LS/74LS568/569   3-196 

Am54LS/74LS670   3-198 

Am25LS2513  3-199 

Am25LS2516   3-205 

Am25LS2517  3-216 

Am25LS2518  3-217 

Am25LS2519   3-222 

Am25LS2520   3-227 

Am25LS2521   3-232 

Am25LS2524   3-236 

Am25LS2525    3-237 

Am25LS2535   3-238 

Am25LS2536   .-  3-239 

Am25LS2537   3-247 

Am25LS2538   3-252 

Am25LS2539   3-257 

Am25LS2568/69   3-262 

Am26LS29/30  3-268 

Am26LS31   3-274 

Am26LS32/33  3-278 

Am2905   3-295 

Am2906   3-301 

Am2907   3-307 

Am2915A   3-313 

Am2916A   3-319 

Am2917A   3-325 


APPLICATION  NOTES 

Understanding  the  Am25LS2517 

and  the  Am25LS381  

The  Am25LS2516  LSI 

Multiplier/Accumulator  

Use  of  the  Am26LS29,  30,  31  and  32 
Quad  Driver/Receiver  Family  in 
EIAR5-422  and  423  Applications  


3-181 
3-211 


.  3-283 
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Definition  of  Standard  Low-Power  Schottky  Terms 


DEFINITION  OF  A.C.  SWITCHING  TERMS 

(All  switching  times  are  measured  at  the  1.3V  logic  level  unless  otherwise 
noted.) 

*MAX  The  highest  operating  clock  frequency. 

tp|_j_j  The  propagation  delay  time  from  an  input  change  to  an  out- 
put LOW-to-HIGH  transition. 

tpHL.  The  propagation  delay  time  from  an  input  change  to  an 
output  HIGH-to-LOW  transition. 

tpw  Pulse  width.  The  time  between  the  leading  and  trailing 
edges  of  a  pulse. 

tr       Rise  time.  The  time  required  for  a  signal  to  change  from  10% 

to  90%  of  its  measured  values, 
tf       Fall  time.  The  time  required  for  a  signal  to  change  from  90% 

to  10%  of  its  measured  values. 
ts        Set-up  time.  The  time  interval  for  which  a  signal  must  be 

applied  and  maintained  at  one  input  terminal  before  an 

active  transition  occurs  at  another  input  terminal. 
tn        Hold  time.  The  time  interval  for  which  a  signal  must  be 

retained  at  one  input  after  an  active  transition  occurs  at 

another  input  terminal, 
tpj      Release  time.  The  time  interval  for  which  a  signal  may 

be  indeterminant  at  one  input  terminal  before  an  active 

transition  occurs  at  another  input  terminal.  {The  release  time 

falls  within  the  set-up  time  interval  and  is  specified  by  some 

manufacturers  as  a  negative  hold  time). 
tHZ    HIGH  to  disable.  The  delay  time  from  a  control  input  change 

to  the  three-state  output   HIGH-level  to  high-impedance 

transition  (measured  at  0.5  V  change). 
t|_z     LOW  to  disable.  The  delay  time  from  a  control  input  change 

to  the  three-state  output  LOW-level  to  high-impedance  transi- 
tion (measured  at  0.5V  change). 
*ZH     Enable  HIGH.  The  delay  time  from  a  control  input  change 

to  the  three-state  output  high-impedance  to  HIGH-level 

transition. 

*ZL  Enable  LOW.  The  delay  time  from  a  control  input  change 
to  the  three-state  output  high-impedance  to  LOW-level 
transition. 


DEFINITION  OF  D.C.  TERMS 

H       HIGH,  applying  to  a  HIGH  voltage  level. 
L       LOW,  applying  to  a  LOW  voltage  level. 
I  Input. 
O  Output. 

Negative  Current  Current  flowing  out  of  the  device. 
Positive  Current  Current  flowing  into  the  device. 

LOW-level  input  current  with  a  specified  LOW-level 
voltage  applied. 

I|H  HIGH-level  input  current  with  a  specified  HIGH-level 
voltage  applied. 

Iql    LOW-level  output  current. 

Iqh    H  IGH-level  output  current. 

Isc    Output  short-circuit  source  current. 

Ice    The  supply  current  drawn  by  the  device  from  the  Vcc 

power  supply. 

V|L     Logic  LOW  input  voltage. 

Vih    Logic  HIGH  input  voltage. 

Vol  LOW-level  output  voltage  with  lOL  applied. 

Vqh  HIGH-level  output  voltage  with  Iqh  applied. 


LOW-POWER  SCHOTTKY 
PARAMETER  MEASUREMENTS 


LOAD  TEST  CIRCUIT  FOR  THREE-STATE  OUTPUTS 


CL INCLUDES 
PROBE  AND  JIG 
CAPACITANCE 


Note:  For  standard  totem  pole  outputs,  remove  R-)  ;  S-|  and  S2  closed. 


SET-UP,  HOLD,  AND  RELEASE  TIMES 


Notes:  1.  Diagram  shown  for  HIGH  data  only.  Output  transition  may 
be  opposite  sense. 
2.  Cross  hatched  area  is  don't  care  condition. 


PROPAGATION  DELAY 


1.3V 
■  0V 


*PLH — !■  < 

'PHL    1-  - 

i 

!PLH  1 

■phi   1  ■  ■ 

1.3V 
VOL 


OPPOSITE  PHASE 
INPUT  TRANSITION 


PULSE  WIDTH 


ENABLE  AND  DISABLE  TIMES 
Enable  Disable 


-4  5V 


jUl3V 
NORMALLY  LOW     S,0PEJ\'  J 


OUTPUT 
NORMALLY  HIGH  St  OPE' 


Urrt  -i.5v 

-3C  r  vol 


Notes:  1.  Diagram  shown  for  Input  Control  Enable-LOW  and  Input 
Control  Disable-HIGH. 
2.  S-i  and  S2  of  Load  Circuit  are  closed  except  where  shown. 


Note:  I.  Pulse  Generator  for  All  Pulses:  Rate  <  1.0MHz;  ZQ  =  50Q.; 
tr  <  15ns;  tf  <  6ns. 
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Am25LS07-  Am25LS08 

Hex/Quad  Parallel  D  Registers  With  Register  Enable 


DISTINCTIVE  CHARACTERISTICS 

•  4-bit  and  6-bit  parallel  registers 

•  Common  Clock  and  Common  Enable 

•  Positive  edge  triggered  D  flip  flops 

•  Am25LS  d.  c.  parameters  including: 
k/0L  =  0.45V  at  lOL  "  8mA 
Fan-out  over  military  range  =  22 
440/iA  source  current 

•  Second  sourced  by  Tl  as  54LS/74LS378  and  379 

•  rl  00%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS07  is  a  6-bit  Low  Power  Schottky  register  with 
a  buffered  common  register  enable.  The  Am25LS08  is  a 
4-bit  register  with  a  buffered  common  register  enable.  The 
devices  are  similar  to  the  Am54LS/74LS1 74  and  Am54LS/ 
74LS175  but  feature  the  common  register  enable  rather 
than  common  clear. 

Both  registers  will  find  application  in  digital  systems  where 
information  is  associated  with  a  logic  gating  signal.  When 
the  enable  is  LOW,  data  on  the  D  inputs  is  stored  in  the 
register  on  the  positive  going  edge  of  the  clock  pulse.  When 
the  enable  is  HIGH,  the  register  will  not  change  state  re- 
gardless of  the  clock  or  data  input  transitions. 


LOGIC  DIAGRAMS 


Am25LS07 


p— 0° — — r 

E— 0fc>- 


Am25LS08 


t> — 

-rH  

-*H — 

A 

CP  D 

i 

5  o 

CP  D 

E 

Q  Q 

r 

CP  D 
0  Q 

CP  D 

E 

Q  Q 

0,  0, 


Q2  02 


Q3  Q3 


CONNECTION  DIAGRAMS 
Top  Views 


Am25LS07 

05     D5     D„     04     D3    Q3  CP 


Am25LS08 

CC    °3    03     D3    °1    O,    0,  CP 


-3      -a     -n      -*      -J       J      —  Ct.       J        J      "J     "2       2  "2 

nnnnnnnn,  nnnnnnnn 

16     151    14      13      12      11      10      9  I    16      15     14      13      12     11      10  9 


W  Q0 


uuuuuu 

Oy      D  i      Q,      D2      ^2  GND 


uuuuuuuu 

E     Oq     CTq    DQ    □1     Q1     u ,  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOLS 


Am25LS07 


Am25LS08 


E     Oq     Di    D;    D3    D4  D5 


Am25LS07 
6  BIT  REGISTER 


Op    □)    Q;    O3    Qa  Q5 


£         Dq         Dj         Oj  O3 


Q0         □]         02  O3 


3      S      7      10     tJ  16 


t  It  I? 


VCC  =  pin  16 
GND  =Pin8 
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Am25LS07  •  Am25LS08 


ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COWL        TA  =  0°Cto+70°C  VCC  -  S.OV  ±  5%  (MIN.  =  4.75V  MAX. 

MIL  TA=;-55°Cto+125t,C        Vcc  =  5.0V  +  10%        (MIN.=4.50V  MAX. 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


=  5.25V) 
'  5.50V) 


Typ. 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =  MIIM-  'OH  =  -440(iA 

COM'L 

2.7 

3.4 

Volts 

VIN  =  VIH  or  VIL 

MIL 

2.5 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  MIN- 

lQL  =  4mA 

0.4 

Volts 

vIN=vIH°rVIL 

lQL  =  8mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

COM'L 

0.8 

Volts 

voltage  for  all  inputs 

MIL 

0.7 

V| 

Input  Clamp  Voltage 

VCC  "  MIN-  'IN  =  -18mA 

-1.5 

Volts 

»JU 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

Clock,  E 

-0.36 

mA 

Others 

-0.24 

>M 

Input  HIGH  Current 

VCC  =  MAX.,  V!N  =  2.7V 

Clock,  E 

20 

"A 

Others 

14 

'1 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

"sc 

Output  Short  Circuit  Current 

(Note  3) 

Vcc  =  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  =  MAX-  <Note  4) 

LS07 

16 

22 

mA 

LS08 

11 

18 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  =  5.0  V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Outputs  open;  enable  grounded;  data  inputs  at  4.5V,  measured  after  a  momentary  ground,  then  4.5V  applied  to  the  clock  input. 


MAXIMUM 

RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Tempe 

rature 

-65°Cto+150°C 

Temperature  ( 

Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltag 

:  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7.0V 

0.5  V  to  +VCc  max. 


DC  Input  Voltage 


DC  Output  Current,  Into  Outputs 


-0.5V  to  +7.0V 


30  mA 


DC  Input  Current 


-30mA  to  +5.0mA 


SWITCHING 

(TA  =  +25°C, 


CHARACTERISTICS 

VCC  =  5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

'PLH 

Clock  to  Output 

13 

20 

ns 

lPHL 

Clock  to  Output 

13 

20 

ns 

tpw 

Clock  Pulse  Width 

17 

ns 

«s 

Data 

20 

ns 

CL  - 15pF 

ts 

Enable 

30 

ns 

RL  -  2.0kJ2 

th 

Data 

5.0 

ns 

th 

Enable 

5.0 

ns 

'max  (Note 

) 

Maximum  Clock  Frequency 

40 

65 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  tne  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf. 


pulse  w 


dth  or  duty  cycle. 


3-4 


Am25LS07  •  Am25LS08 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 


Parameters 


Description 


Am25LS  COM'L 


TA  =  OX  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55Xto  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 


Units    Test  Conditions 


*PLH 


*PHL 


'max 


(Note  1) 


Clock  to  Output 


Clock  to  Output 


Clock  Pulse  Width 


26 


Data 


Enable 


Data 


Enable 


Maximum  Clock  Frequency 


30 


30 


30 


30 


25 


35 


35 


MHz 


CL  =  50pF 
RL  =  2.0kfl 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj  The  D  flip-flop  data  inputs. 

E   Enable.  When  the  enable  is  LOW,  data  on  the  Dj  inputs  is 
transferred  to  the  Qj  outputs  on  the  LOW-to-HIGH  clock 
transition.  When  the  enable  is  HIGH,  the  Qj  outputs  do  not 
change  regardless  of  the  data  or  clock  input  transitions. 
CP   Clock  Pulse  for  the  register.  Enters  data  on  the  LOW-to- 
HIGH  transition. 
Qj   The  TRUE  register  outputs. 
Qj  The  complement  register  outputs 


FUNCTION  TABLE 


Inputs 

Outputs 

E 

Di 

CP 

Qi 

Qi 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

L 

X 

L 

NC 

NC 

L 

L 

t 

L 

H 

L 

H 

t 

H 

L 

H  =  HIGH  NC  =  No  Change 

L=LOW  X    =  Don't  Care 

t  -  LOW-to-HIGH  Transition 
Qj  on  Am25LS08  Only 


LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25LS07  •  Am25LS08 


APPLICATION 


ENABLE   O  G  Y3  > 


DO 

°0 

°1 

<h 

Oa 

°4 

05 

°6 

°0 

»d 

D' 

Qi 

D2  § 

0.2 

"3  f 

<h 

< 

D< 

°4 

°5 

°5 

°0 

do 

Dl 

°2 

Qa 

<>3 

E 

03 

°A 

< 

04 

□c 

°0 

Oo 

Dl 

°1 

D2  | 

°2 

D3  | 

°3 

04  " 

04 

D5 

O5 

Selective  Register  Loading  of  Data  on  Synchronous  Clock. 


Am25LS07 


E 


D0  3- 


°2 


°2 
GND 


El' it**  f'^ji-.a 


Metallization  and  Pad  Layout 


°5 

Qo 

2 

o5 

04 

35 

3 

DO 

4 

°4 

Dl 

5 

03 

Si 

6 

°3 

CP 

m 

7 

GND 

B 

Am25LS08 


13  D3 
12  D2 


11  Q2 


DIE  SIZE  0.075"  X  0.084" 


DIE  SIZE  0.075"  X  0.06V 
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Am25LS09 

Quad  Two-Input,  High-Speed  Register 


DISTINCTIVE  CHARACTERISTICS 

•  4-bit  register  accepts  data  from  one-of-two  4-bit  input  fields 

•  Edge  triggered  clock  action 

•  Second  sou  reed  by  T.I.  as  54LS/74LS399 

•  Am25LS  d.c.  parameters  including: 

—  Vol  =  0.45V  at  lOL  =  8mA 

—  Fan-out  over  military  range  =  22 

—  440/jA  source  current 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS09  is  a  dual  port  four-bit  register  using  ad- 
vanced Low  Power  Schottky  technology  to  reduce  the 
effect  of  transistor  storage  time.  The  register  consists  of 
four  D  flip-flops  with  a  buffered  common  clock,  and  a  two- 
input  multiplexer  at  the  input  of  each  flip-flop.  A  common 
select  line,  S,  controls  the  four  multiplexers.  Data  on  the 
four  inputs  selected  by  the  S  line  is  stored  in  the  four  flip- 
flops  at  the  clock  LOW-to-HIGH  transition.  When  the  S  in- 
put is  LOW,  the  DjA  input  data  will  be  stored  in  the  register. 
When  the  S  input  is  HIGH,  the  DiB  input  data  will  be 
stored  in  the  register. 


LOGIC  DIAGRAM 


D3A  D3B 


>  


■  ^o- 


CONNECTION  DIAGRAM 
Top  View 


nnnnnnnn 

16     15      14      13      12     11      10  9 


1       2       3       4       5       6  7 


uuuuuuuu 

s    q0  doa  Dqb  dib  dia  &i  gnd 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3       A       6       5      11      12     14  13 


VCC  =  Pin  16 
GND  =  Pin  8 
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Am25LS09 


ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 


COM'L 


0°C  to  +70°  C 


VCC  -  5.0V  t  5% 
Vcc  «  5.0V  ±  10% 


MIL  TA  = -55°C  to +125°C 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


(MIN.  =  4.75V  MAX.  =  5.25V) 
(MIN.  =  4.50V    MAX.  =  5.50V) 


Typ. 


Parameters 

Description 

Test  Conditions  (Note  i) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  Iqh  =  -440uA 

COM'L 

2.7 

3.4 

Volts 

vIN=vIH°rVIL 

MIL 

2.5 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  MIN. 

Iql  =  4mA 

0.4 

Volts 

V|N=vIH°rV|L 

l0L=8mA 

0.45 

VIH 

Input  HIGH  Level 

Guaranteed  input.logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  =  MAX.,  V,N=  0.4V 

Clock,  S 

-0.36 

mA 

Others 

-0.24 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =2.7V 

Clock, S 

20 

(*A 

hH 

Others 

14 

h 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'SC 

Output  Short  Circuit  Current 
(Note  3) 

Vcc  =  MAX- 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  ■  MAX.  (Note  41 

11 

18 

mA 

:  1.  For  conditions  shown  as  MtN.  or  MAX.  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  ^QC  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Measured  with  Select  and  Clock  inputs  at  4.5V;  all  data  inputs  at  0V;  all  outputs  open. 


MAXIMUM 


RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature  

Temperature  Ambient)  Under  Bias  

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 
DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-65  Cto  +150  C 


-55  Cto  +125  C 


-0.5  V  to  +7.0  V 


DC  Input  Voltage 


-0.5  V  to  +VCc  max. 


-0.5  V  to  +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 


SWITCHING  CHARACTERISTICS 


(TA  =  +25  C 


VCC  =  5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

tPLH 

Clock  to  Q  HIGH 

.  13 

20 

ns 

<PHL 

Clock  to  Q  LOW 

13 

20 

ns 

*pw 

Clock  Pulse  Width 

17 

ns 

«s 

Data  Set-up  Time 

ns 

CL  =  15pF, 

«s 

Select  Input  Set-up  Time 

ns 

RL  =  2.0kS2 

«h 

Data  Hold  Time 

5 

ns 

«h 

Select  Input  Hold  Time 

0 

ns 

fmax 

1) 

Maximum  Clock  Frequency 

40 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
pulse  width  or  duty  cycle. 
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Am25LS09 


SWITC 
OVER 

Param 

:hing  characteristics 
operating  range* 

sters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  OX  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55Xto  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

Clock  to  Q  HIGH 

30 

35 

ns 

Cu  =  50pF 
RL  =  2.0kn 

tpHL 

Clock  to  Q  LOW 

30 

35 

ns 

*pw 

Clock  Pulse  Width 

26 

30 

ns 

*s 

Data  Set-up  Time 

30 

35 

ns 

ts 

Select  Input  Set-up  Time 

43 

50 

ns 

th 

Data  Hold  Time 

11 

12 

ns 

th 

Select  Input  Hold  Time 

4 

5 

ns 

'ma 

(Note  1) 

Maximum  Clock  Frequency 

30 

25 

MHz 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


DEFINITION  OF  FUNCTIONAL  TERMS 

word  into  the  two-input 


word  into  the  two-input 


DOA.  DlA.  D2A.  D3A   The  "A" 
multiplexer  of  the  D  flip-flops. 

D0B.  D1B-  D2B.  D3B   The  "B" 
multiplexer  of  the  D  flip-flops. 

O-O,  Qi,  0.2,  Q3  The  outputs  of  the  four  D-type  flip-flops  of 
the  register. 

S  Select.  When  the  select  is  LOW,  the  A  word  is  applied  to 
the  D  inputs  of  the  flip-flops.  When  the  select  is  HIGH  the  B 
word  is  applied  to  the  D  inputs  of  the  flip-flops. 

CP  Clock  Pulse.  Clock  pulse  for  the  register.  Enters  data  on 
the  LOW-to-HIGH  transition  of  the  clock  line. 


FUNCTION  TABLE 


SELECT 

CLOCK 

DATA 

INPUTS 

OUTPUT 

S 

CP 

DjA 

DiB 

Qi 

L 

t 

L 

X 

L 

L 

t 

H 

X 

H 

H 

t 

X 

L 

L 

H 

t 

X 

H 

H 

H  =  HIGH  Voltage  Level 

X  =  Don't  Care 

t  =  LOW-to-HIGH  Transition 


L  =  LOW  Voltage  Level 
i    -  0,1.2,  or  3 


Am25LS«  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:   Actual  current  flow  direction  shown. 
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Am25LS09 


APPLICATIONS 

»2   , 


LOAD/flECI  RCULATE  - 


256  ■  4  DYNAMIC 


STATIC  TEST/OPERATE   

Am25LS09  used  in  258  x  4  memory  system  with  load/recirculate  control,  and  1  x  4  static  test  capability  for  the  system.  MOS  interface  is  one 
load  at  each  end.  This  circuit  is  especially  useful  in  digital  filtering  where  special  algorithms  require  a  static  single  step  operation  for  testing 
purposes. 


"OA  °1A  "3A  °0B  "16   D3B  °38 

Am25LS09 


i    i  r 


DfJA  °1A  °IA  °3A  °OB  ^18  D?B  D3B 

Am25LS09 
Oq  Q|  Qj  Q3 


WORD  2 


OOA  OtA  DlA  D3A  DOB  °1B  ^29  D3B 
Am25LS09 

:p 

Qq  °l  q!  °3 


WORD  3 

Aiti25LS09  used  to  store  a  word  from  either  data  bus  A  or  data  bus  B. 


Metallization  and  Pad  Layout 


-16  VCL 
-15  O.3 


LM?H 

fe  *c  p.- 

.  

-13  D3, 
-«  D,, 


-10  Q2 


DIE  SIZE  0.075"  X  0.061' 
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Am25LS14 

8-Bit  Serial/Parallel  Two's  Complement  Multiplier 


DISTINCTIVE  CHARACTERISTICS 

•  Two's  complement  multiplication  without  correction 

•  Magnitude  only  multiplication 

•  Cascadable  for  any  number  of  bits 

•  8-bit  parallel  multiplicand  data  input 


•  25MHz  minimum  clock  frequency 

•  Second  sourced  by  T.I.  as  the  SN54LS/74LS384 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 


The  Am25LS14  is  an  8-bit  by  1-bit  sequential  logic  element 
that  performs  digital  multiplication  of  two  numbers  repre- 
sented in  two's  complement  form  to  produce  a  two's  comple- 
ment product  without  correction  by  using  Booth's  algorithm 
internally.  The  device  accepts  an  8-bit  multiplicand  (X  input) 
and  stores  this  data  in  eight  internal  latches.  The  X  latches  are 
controlled  via  the  clear  input.  When  the  clear  input  is  LOW,  all 
internal  flip-flops  are  cleared  and  the  X  latches  are  opened  to 
accept  new  multiplicand  data.  When  the  clear  input  is  HIGH, 
latches  are  closed  and  are  insensitive  to  X  input  changes. 

multiplier  word  data  is  passed  by  the  Y  input  in  a  serial 


the 
The 

bit  stream  -  least  significant  bit  first.  The  product  is  clocked 
out 


he  S  output  least  significant  bit  first. 


The  multiplication  of  an  m-bit  multiplicand  by  an  n-bit  multi- 
plier results  in  an  m  +  n  bit  product.  The  Am25LS14  must  be 
clocked  for  m  +  n  clock  cycles  to  produce  this  two's  comple- 
ment product.  Likewise,  the  n-bit  multiplier  (Y-input)  sign  bit 
data  must  be  extended  for  the  remaining  m-bits  to  complete 
the  multiplication  cycle. 

The  device  also  contains  a  K  input  so  that  devices  can  be  cas- 
caded for  longer  length  X  words.  The  sum  (S)  output  of  one 
device  is  connected  to  the  K  input  of  the  succeeding  device 
when  cascading.  Likewise,  a  mode  input  (M)  is  used  to  indicate 
which  device  contains  the  most  significant  bit.  The  mode  input 
is  wired  HIGH  or  LOW  depending  on  the  position  of  the  8-bit 
slice  in  the  total  X  word  length. 


LOGIC  DIAGRAM 


CLEAR 


*»  «5  *4  »3  *2 

ADDER/SUBTR  ACTOR  AND  REGISTERS 
CP  1  K  SUM 


CONNECTION  DIAGRAM 
Top  View 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


11    12   13    14    2     3     4  5 


x7   x6  x5  x4  x3  x2  xl  x0 


VCC  =  Pin  16 
GND  -  Pin  8 
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Am25LS14 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am25LS14XC 
Am25LS14XM 


TA  =  0  C  to  +70  C 
TA  =  -55°  C  to  +125°C 


Vcc  -  5.0V  15%  ICOM'U 
Vcc  -  5.0V  ±10%  (MIL) 


Ml N.  -  4.75V 
Ml  N.  -  4.5V 


MAX.  =  5.25V 
MAX.  -  5.5V 


Parameters 

Description 

Test  Conditions : Note  1 1 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

vOH 

Output  HIGH  Voltage 

Vcc  *  MIN  .  'OH  *  -1.0mA 

MIL 

2.5 

3.4 

Volts 

V|N  =  v|HorV,L 

COM'L 

2.7 

3.4 

V0L 

Output  LOW  Voltage 

VCC  ■=  MIN. 

l0L- 8.0mA 

0.4 

Volts 

V|N=VmorVIL 

Iql  *12mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

Vii 

w  1  L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =■  -18mA 

-1.2 

Volts 

X,  M 

-0.48 

ML 

Input  LOW  Current 

VCC  =  MAX.,  V,N=  0.4V 

K.CLR 

-1.2 

mA 

CP 

-1.6 

Y 

-3.2 

X,  M 

20 

«IH 

Input  HIGH  Current 

VCC  =  MAX.,  V,N=  2.7V 

K,  CLR 

30 

fA 

CP 

40 

Y 

80 

•l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N=  5.5V 

1.0 

mA 

!SC 

Output  Short  Circuit  Current 

(Note  3) 

vCc  -  MAX 

-IS 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  =  MAX. 

91  155 

mA 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  ~  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


65  Cto  +150  C 


Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltai 

|e  to  Ground  Potential  (Pin  1 6  to  Pin  8)  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  A 

pplied  to  Outputs  for  High  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Vol 

tage 

-0.5V  to  +5.5V 

Output  Curre 

it,  Into  Outputs 

30mA 

DC  Input  Cur 

rent 

-30mA  to  +5.0mA 
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Am25LS14 


SWITCHING  CHARACTERISTICS 

(TA  =  +5  5°C,  VCC  =  5.0V) 


Parameters 


Description 


Min. 


Typ. 


Max. 


Units 


Test  Conditions 


*PLH 

 , 

Clock  to  Output 

1 3 

20 

ns 

lPHL 

1 3 

on 

CL  = 15pF 
RL  =  2.0kI2 

tpHL 

Clear  to  Output 

1  7 

of; 

ns 

h 

Y  to  Clock 

32 

ns 

lh 

n 

*s 

K  to  Clock 

1 8 



i  1 

ns 

th 

0 

% 

X,  to  Clear 

13 

ns 

0 

tpW 

Clock  (HIGH) 

15 

ns 

Clock  (LOW) 

15 

*pw 

Clear  Pulse  Width 

20 

ns 

h 

Clear  Recovery  Time  (Inactive  State) 

18 

ns 

'max  f 

Mote  1 ) 

Maximum  Clock  Frequency 

25 

30 

MHz 

Note  1 .  P 
P 

SWITC 
OVER 

Parametf 

ar  industry  convention,  fmax 's  tne  worst 
uise  width  or  duty  cycle. 

:ase  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 

HING  CHARACTERISTICS 
OPERATING  RANGE* 

rs  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units         Test  Conditions 

TA  =  0°C  to  +70°  C 
VCC  =  5.0V  ±  5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  +  10% 
Min.  Max. 

'PLH 

24 

27 

ns 

CL  =  50pF 
R [_  -  2.0kI2 

tPH  L 

Clock  to  Output 

27 

30 

«PHL 

Clear  to  Output 

33 

37 

ns 

«s 

Y  to  Clock 

38 

45 

0 

0 

«s 

K  to  Clock 

24 

30 

ns 

th 

0 

0 

*s 

19 

23 

ns 

«h 

Xj  to  Clear 

0 

0 

*pw 

Clock  (HIGH) 

18 

22 

ns 

Clock  (LOW) 

18 

22 

lpw 

Clear  Pulse  Width 

33 

38 

ns 

ts 

Clear  Recovery  Time 
(Inactive  State) 

20 

30 

ns 

'max  ' 

Note  1) 

Maximum  Clock  Frequency 

20 

15 

MHz 

rmance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Xq,  X-i 


DEFINITION  OF  FUNCTIONAL  TERMS 


X2.  X3,  X4,  X5,  X6,  X7  The  eight  data  inputs  for 


the  multiplicand  (X)  data. 
Y  The  serial  input  for  the  multiplier  (Y)  data-least  signifi- 
cant bit  first. 

S  The  serial  output  for  the  product  of  X  •  Y-least  signifi- 
cant bit  first. 

CP  Clock.  The  buffered  common  clock  input  for  the  serial/ 
parallel  multiplier.  All  functions  occur  on  the  LOW-to-HIGH 
transition  of  the  clock. 

CLR  Clear.  The  buffered  common  clear  for  all  flip-flops 
within  the  device.  When  the  clear  is  LOW  all  flip-flops  are 
cleared.  Also  the  buffered  X-input  latch  enable.  When  the 
clear  input  is  LOW,  the  X  latches  will  accept  new  X-input 
data. 

K  The  sum  expansion  input  to  the  serial/parallel  multiplier. 
Allows  for  cascading  devices. 

M  The  mode  control  input  for  the  most  significant  bit  of 
the  multiplier.  It  is  used  in  conjunction  with  cascading  to 
determine  the  most  significant  bit. 


INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


INPUTS  NOMR 

X;  IBM! 

Y  4kfi 

CLR  6kVi 

CP  *k£l 

K  6kfi 

M  16W1 


Note:  Actual  current  flow  direction  shown. 


FUNCTION  TABLE 


INPUTS 

INTERNAL 

OUTPUT 

FUNCTION 

CLR 

CP 

K 

Y-1 

S 

L 

L 

Most  Significant  Multiplier  Device 

CS 

H 

Devices  Cascaded  in  Multiplier  String 

L 

OP 

L 

L 

Load  New  Multiplicand  and  Clear  Internal  Sum  and  Carry  Registers 

H 

Device  Enabled 

H 

t 

L 

L 

AR 

Shift  Sum  Register 

H 

t 

L 

H 

AR 

Add  Multiplicand  to  Sum  Register  and  Shift 

H 

t 

H 

L 

AR 

Subtract  Multiplicand  from  Sum  Register  and  Shift 

H 

t 

H 

H 

AR 

Shift  Sum  Register 

H  -HIGH 
L     -  LOW 

t     =  LOW-to-HIGH  transition 

CS  -  Connected  to  S  output  of  higher  order  device 
OP  -  Xj  latches  open  for  new  data  (i  =  0,  7) 
AR  =  Output  as  required  per  Booth's  algorithm 


Metallization  and  Pad  Layout 


16  vcc 

16  Y 

M  x, 

13  X5 

11  X7 


DIE  SIZE  0.097"  X  0.137 
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ORDERING  INFORMATION 

Package  Temperature 
Type  Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°Cto+125°C 
-55°Cto+125°C 


AM25LS14PC 
AM25LS14DC 
AM25LS14XC 
AM25LS14DM 
AM25LS14FM 
AM25LS14XM 


APPLICATIONS 

See  also  Digital  Signal  Processing  Applications  Section  for  more  information. 


24-BIT  MULTIPLICAND 


A23A22A21A20A19A18A17  A16 


A!5A14  A13  At2All  A10  A9  A8 


Y    X7    Xg  X5  X4  X3  X2  X1  Xq 


P 


CLR 
CP 


Y    X?  Xg  X&  X4  X3  X2  XT  Xq 


A7  Ag  A5   A4  A3  A2  An  AQ 


Basic  24-Bit  Serial/Parallel  Connection 


SERIAL/PARALLEL  - 


CLOCK  ENABLE  - 


SIGN  EXTEND  - 

CLOCK  - 
OUTPUT  CONTROL  - 


RE  SER/PAR 

°8 
MUX 

CLEAR  Am25LS22 

SE  8-BIT  SHIFT  REGISTER  U° 


CP 


DY7DY6DY5DY4DY3DY3DY1Dyo 


X7  x6  x5  x4  x3  x2  xl  x0 

Am25LS14 
SERIAL/PARALLEL 
MULTIPLIER 


MULTIPLIER  INPUT 


8-Bit  by  8-Bit  Multiplier,  Bus  Organized, 
with  8-Bit  Truncated  Product 
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Quad  Serial  Adder/Subtractor 


DISTINCTIVE  CHARACTERISTICS 


Four  independent  adder/subtractors 
Use  with  two's  complement  arithmetic 
Magnitude  only  addition/subtraction 
Second  sourced  by  T.I.  as  Am54LS/74LS385 
100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS15  is  a  serial  two's  complement  adder/subtractor 
designed  for  use  in  association  with  the  Am25LS14  serial/ 
parallel  two's  complement  multiplier.  This  device  can  also  be 
used  for  magnitude  only  or  one's  complement  addition  or 
subtraction. 

Four  independent  adder/subtractors  are  provided  with  com- 
mon clock  and  clear  inputs.  The  add  function  is  A  plus  B  and 
the  subtract  function  is  A  minus  B.  The  clear  function  sets  the 
internal  carry  function  to  logic  zero  in  the  add  mode  and  to 
logic  one  in  subtract  mode.  This  least  significant  carry  is  self 
propagating  in  the  subtract  mode  as  long  as  zeroes  are  applied 
to  the  A  and  B  inputs  at  the  LSB's.  All  internal  flip-flops 
change  state  on  the  LOW-to-HIGH  clock  transition. 

The  Am25LS15  is  particularly  useful  for  recursive  or  non- 
recursive  digital  filtering  or  butterfly  networks  in  Fast  Fourier 
Transforms. 


LOGIC  DIAGRAM 
(One  of  Four  Similar  Functions) 


CONNECTION  DIAGRAM 
Top  View 


VCC    rt     S«  A4    A3     B3     S3     F3  CLB 

nnnnnnnnnn 


19     18      17     IB      15     14      13     12  11 


1       2       3       4       5       6  7 


uuuuuuuuuu 

CP     F,      S,      B,      A,     A2     B2     S3     F2  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


5    4    3       6    7    8      15  14  13      16  17  18 

Ml  IN  Ml  II 


A,  B,  S,  A2  B2  Sj  A3  B3  S3  A4  B,  S, 
CLOCK 


VCC  =  Pin  20 
GND  =  Pin  10 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 


COM'L 
MIL 


TA  =  0°C  to  +70°  C 
TA  -  -55°C  to  +12S°C 


VCC  =  5.0V  i  5% 
Vcc  =  5.0V  ±  10% 


(MIN.  =  4.75V  MAX.  =  5.25V) 
(MIN.=  4.50V    MAX.  =  5.50V) 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Typ. 


'aramete 

s 

Description 

Test  Conditions  (Note  i) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  '  MIN-  'OH  '  -440mA 

MIL 

2.5 

Volts 

V|N  f  V|H  or  V|L 

COM'L 

2.7 

Vol 

Output  LOW  Voltage 

Vcc  ■  MIN. 

'OL  =  4.0mA 

0.4 

Volts 

V|N"=V|Hor  V|L 

Iql  =  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N=  0.4  V 

-0.36 

mA 

'IH 

Input  HIGH  Current 

Vcc  *  MAX.,  V|N  =  2.7V 

20 

MA 

h 

Input  HIGH  Current 

Vcc  -  MAX.,  V|N  =  7.0V 

0.1 

mA 

•sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  •  MAX. 

48 

75 

mA 

Notes:  1.  For  conditions  shown  as  Min.  or  Max.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  t 

2.  Typical  limits  are  at  VqO  ~  5-0V.  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  inputs  HIGH,  measured  after  a  LOW-to-HIGH  clock  transition. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  \ 

'oltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Volt 

age  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max 

DC  Inpu 

t  Voltage 

-0.5V  to  +7.0V 

DC  Outp 

ut  Current,  Into  Outputs 

30  mA 

DC  Input  Current 


-30mA  to  +5. 0mA 


SWITCHING  CHARACTERISTICS 

(TA  =  +25° C,  VCC  =  5.0V) 
Parameters  Description 


Min. 


Typ. 


Max. 


Units 


Test  Conditions 


tPLH 

Clock  to  Output 

14 

22 

ns 

C|_  »  15pF 
HL  =  2.0kn 

tPHL 

14 

22 

'PHL 

Clear  to  Output 

20 

30 

ns 

«s 

A,B,S 

10 

ns 

th 

0 

«s 

Clear  Recovery 

25 

ns 

th 

Clear  Hold  Time 

0 

ns 

tpw 

Clock 

HIGH 

17 

ns 

LOW 

17 

tpw 

Clear  LOW 

20 

ns 

'maxC1 

Jote  1) 

Maximum  Clock  Frequency 

30 

40 

MHz 

Note  1.  Per  industry  convention,  fmax  is  tne  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints 
pulse  width  or  duty  cycle. 


on  the  tr,  tf. 
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SWITCHINC 
OVER  OPEI 

Parameters 

!  CHARACTERISTICS 
BATING  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0  C  to  +70°C 
VCc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°Cto  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

-  Clock  to  C 

lutput 

33 

38 

ns 

CL  =  50pF 
RL  =  2.0kfl 

lPHL 

33 

38 

*PHL 

Clear  to  Output 

43 

50 

ns 

*s 

-  A,  B,  S 

17 

20 

ns 

th 

4 

5 

ts 

Clear  Recovery 

37 

42 

ns 

«h 

Clear  Hold  Time 

4 

5 

ns 

t 

Clock 

HIGH 

26 

30 

ns 

LOW 

26 

30 

tpw 

Clear  LOW 

30 

35 

ns 

fmax'Note  1 

Maximum  Clock  Frequency 

23 

20 

MHz 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Ai.  A2,  A3 
Bi.  B2,  B3 
S1.  S2.  S3. 


Fl.F2.F3 


DEFINITION  OF  FUNCTIONAL  TERMS 

A4    The  "A"  input  into  each  adder/subtractor        CP  Clock 
B4    The  "B"  input  into  each  adder/subtractor 
S4      The  add  subtract  control  for  each  adder/       CLR  Clear 


The  add  subtract  control  for  each  adder/ 
subtractor.  When  S  is  LOW,  the  F  function 
is  A+B.  When  S  is  HIGH,  the  F  function 
is  A-B. 

The  four  independent  serial  outputs  of  the 
adder/subtractor. 


The  clock  input  for  the  device.  All  internal 
flip-flops  change  state  on  the  LOW-to-HIGH 
transition. 

When  the  clear  input  is  LOW,  the  four 
independent  adder/subtractors  are  asynchro- 
nously reset.  The  sum  flip-flop  is  always  set 
to  logic  "0".  The  carry  flip-flop  is  set  to 
logic  "0"  in  the  add  mode  and  logic  "1"  in 
the  subtract  mode. 


c 

C, 
X 

NC 
H 

L 
t 


FUNCTION  TABLE 


Internal 

External  Inputs 

Point 

Output 

CP 

CLR 

s 

A 

B 

C 

Cl 

F 

Function 

X 

L 

L 

X 

X 

L 

L 

L 

Clear 

X 

L 

H 

X 

X 

H 

H 

L 

L 

H 

X 

X 

X 

NC 

NC 

NC 

H 

H 

X 

X 

X 

NC 

NC 

NC 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

H 

L 

L 

H 

L 

L 

H 

H 

L 

L 

H 

H 

H 

L 

Add 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

L 

L 

H 

H 

L 

H 

H 

L 

H 

Subtract 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

=  Data  In  the  Carry  Flip-Flop  Before  the  Clock  Transition 

=  Data  In  the  Carry  Flip-Flop  After  the  Clock 

=  Don't  Care 

=  No  Change 

-  HIGH 

=  LOW 

=  LOW-to-HIGH  Transition 


Am25LS«  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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APPLICATIONS 

The  normal  butterfly  network  associated  with  the  Cooley- 
Tukey  Fast  Fourier  Transform  (FFT)  algorithm  is  shown 
below.  Here  we  assume  A,  B,  C,  D  and  W  are  all  complex 
numbers  such  that: 

A  =  Apj+j  A| 
B  =  BR+jB| 
W=  WR+jW, 

The  outputs  C  and  D  are  also  complex  numbers  and  are 
eva  uated  as: 

C  =  CR  +  jC|  =  (AR+BRWR-B|Wl)+j(A|  +  BRW|  +  B|WR) 
D  =  CR+jD,=(AR-BRWR+B|W|)+i(A|-BRW|-B|WR) 


The  four  multiplications  can  be  implemented  using  four 
Am25LS14  serial-parallel  multipliers  (the  appropriate  number 
of  bits  must,  of  course,  be  used).  The  additions  and  the 
subtractions  are  implemented  using  the  Am25LS15  quad  serial 
adder/subtractors.  This  diagram  depicts  only  the  basic  data 
flow;  binary  weighting  of  the  numbers,  rounding,  truncation, 
etc.  must  be  handled  as  required  by  the  individual  design 
parameters. 

Also  see  Digital  Signal  Processing  Applications  section  for 
more  information. 


FAST  FOURIER  TRANSFORM  (FFT)  BUTTERFLY 


IN        Am25LS22  Qg 


IN        Am25LS22  QQ 


IN        Am25LS22  Qc 


Y  Am25LS14 


¥  Am25l_SI4 


Y         Am25LS14  S 


Y  Am25LS14  S 


l/4Am25LSI5 
(Ate) 


l/4Am25LS15 
IA*B| 


l/4Am25LS15 
(A  ♦  S) 


V4Am25LS15 
(A-B) 


An  FFT  butterfly  connection  for  complex  arithmetic  inputs  and  outputs. 
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8-Bit  Serial/Parallel  Register  With  Sign  Extend 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs  with  multiplexed  input 

•  Multiplexed  serial  data  input 

•  Sign  extend  function 

•  Second  sourced  by  T.I.  as  Am54LS/74LS322 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS22  is  an  eight-bit  serial/parallel  register  buitt  using  ad- 
vanced Low-Power  Schottky  processing.  The  device  features  an  eight- 
bit  parallel  multiplexed  input/output  port  to  provide  improved  bit 
density  in  a  20-pin  package.  Data  may  also  be  loaded  into  the  device  in 
a  serial  manner  from  either  input  Da  or  Dq.  A  serial  output,  Qq,  is 
also  provided. 

The  Am25LS22  is  specifically  designed  for  operation  with  the 
Am25LS14  serial/parallel  two's  complement  multiplier  and  provides 
the  sign  extend  function  required  for  this  device. 

When  the  Register  Enable  (RE)  input  is  HIGH,  the  register  will  retain 
its  current  contents.  Synchronous  parallel  loading  is  accomplished  by 
applying  a  LOW  to  RE  and  applying  a  LOW  to  the  Serial/Parallel  (S/PI 
input.  This  places  the  three-state  outputs  in  the  high-impedance  state 
independent  of  OE  and  allows  data  that  is  applied  on  the  input/output 
lines  (DYj)  to  be  clocked  into  the  register.  When  the  S/P  input  is  HIGH, 
the  device  will  shift  right.  The  Sign  Extend  (SE)  input  is  used  to  repeat 
the  sign  in  the  Q7  flip-flop.  This  occurs  whenever  SE  is  LOW  when  the 
SHIFT  mode  is  selected.  When  SE  is  high,  the  serial  two-input  multi- 
plexer is  enabled.  Thus,  either  or  Dg  can  be  selected  to  load  data 
serially.  The  register  changes  state  on  the  LOW-to-HIGH  transition  of 
the  clock.  A  clear  input  (CLR)  is  used  to  asynchronously  reset  all  flip- 
flops  when  a  LOW  is  applied. 


LOGIC  DIAGRAM 


RE  o  c£>c- 


CONNECTION  DIAGRAM 
Top  View 


VCC     S      SE     DB    DY6  OY4  DY2  DYo    Oo  CP 

nnnnnnnnnn 


20      19      18      17      16     15      11      13      12  11 


1        2       3       4       5       6  7 


uuuuuuuuuu 

RE     S/P     DA    DY7  DY5  DV3  DY]    OC    CLR  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


J  I  L 


CLEAR 
CLOCK 


DY?     DYg    DYg     DY4    DY3     DY2     DY,     DYQ  Qq 


4        16        5  15 


14        7        13  12 


VCC  =  Pin  20 
GND  =  Pin  10 
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DC 

Parameters 


ELECTRICAL  CHARACTERISTICS 

The  Fol  owing  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C               Vcc  =  5.0V  +  5%          (MIN.  =  4.75V  MAX.  =  5.25V) 

MIL            TA= -55°C  to +125°C        VCC  =  5.0V±10%        (MIN.  =  4.50V  MAX.  =  5.50V) 

CHARACTERISTICS  OVER  OPERATING  RANGE 


Description 


Test  Conditions  (Note  i) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  1  MIN. 

V|N  =  V)H  or  V|L 

Q0.  'OH  =  -440uA 

MIL 

2.5 

Volts 

COM'L 

2.7 

DYj,  I  oh  =  -1.0mA 

MIL 

2.4 

DYi.  lOH  =  -2.6mA 

COM'L 

2.4 

Output  LOW  Voltage 

VCC  =  MIN. 

VIN  =  VIH  or  VIL 

'OL  =  4.0mA 

0.4 

Volts 

v(JL 

Iql  =  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V) 

Input  Clamp  Voltage 

VCC  =  MIN.,  1,  m  =  -18mA 

—  1 .5 

Volts 

1 1  u 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

SE 

—1 .08 

mA 

S 

Others 

—0.36 

<IH 

input  nlun  current 

VCC  =  MAX.,  V|N  =  2.7V 
(Except  DYj) 

SE 

60 

MA 

S 

40 

Others 

20 

Input  HIGH  Current 

Vcc  =  MAX., 
(Except  DYj) 

V|N  =  7.0V 

OE,S/P,RE,CP,  CLR 

0.1 

mA 

V|N  =  5.5V 

St" 

0.3 

S 

0.2 

Others 

0.1 

'OZ 

Off  State  (High  Impedance) 
Output  Current  (DY,) 

Vcc  =  MAX. 

V0  '  2.4V 

40 

"A 

V0  =  0.4V 

-100 

!SC 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 

vcc  =  MAX- 

40 

65 

mA 

Notes:  1 
2 
3 


For  conditions  shown  as  MIN.  or  MA 
Typical  limits  are  at  Vqq  =  5.0V,  25c 
Not  more  than  one  output  should  be 


X.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  1 
C  ambient  and  maximum  loading. 

shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

—0.5V  to  +VCC  max. 

DC  Input  Voltage  (OE,  S/P,  RE,  CP,  CLR) 

-0.5V  to  +7.0V 

DC  Input  Voltage  (Others) 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Inpu 

t  Current 

-30mA  to  +5. 0mA 

Am25LS22 


SWITCHING  CHARACTERISTICS  (TA  =  +25°C,  VCc  =  5.0V) 


i  ardKic  IB  I  s 

Description 

Min. 

Tvd 

Max. 

Units 

Test  Conditions 

»PLH 

Clock  to  DYj 

16.5 

24 

ns 

*PHL 

18 

26 

«PHL 

Clear  to  DYj 

23 

30 

ns 

tPLH 

Clock  to  Qo 

16.5 

24 

ns 

RL  =  2.0kf2, 

*PHL 

18 

26 

Cl  = 15pF 

«PHL 

Clear  to  Qn 

23 

30 

ns 

«ZH 

13 

21 

<ZL 

OE  to  DYj 

18 

26 

ns 

»HZ 

13 

21 

R|_  =  2.0kfl, 

*LZ 

18 

26 

C[_i=  5pF 

*ZH 

18 

26 

R(_  =  2.0k£2, 

<ZL 

SER/PAR  to  DYj 

23 

32 

ns 

C[_  =  1  5pF 

'HZ 

1 8 

26 

Rj_  =  2.0k£2, 

*LZ 

23 

32 

C[_  =  5pF 

»s 

RE  to  Clock 

20 

«s 

SE  to  Clock 

10 

ls 

S  to  Clock 

15 

ns 

*s 

Da  and  Dg  to  Clock 

1B 

«s 

DYj  (Load)  to  Clock 

15 

*s 

Clear  Recovery  to  Clock 

8.0 

RL  »  2.0kfi, 

«s 

S/P  to  Clock 

15 

ns 

CL-  15pF 

th 

Any  Input 

0 

*h 

Clear  Hold 

o 

Clock 

HIGH 

8.0 

ns 

fpw 

LOW 

8.0 

'pw 

Clear 

20 

ns 

fmax(Note1) 

Maximum  Clock  Frequency 

35 

50 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  The  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
pulse  w  dth  or  duty  cycle. 


FUNCTION  TABLE 


M< 

de 

INPUTS 

OUTPUTS 

Clear 

Register 
Enable 

Serial/ 
Parallel 

Sign 
Extend 

Mux 
Select 

OE* 

Clock 

DY7 

DY6 

DY4 

DY3 

DY2 

DYi 

DY0 

Qo 

Clear 

L 
L 

X 
X 

X 
X 

X 
X 

X 
X 

L 
H 

X 
X 

L 

Z 

L 
Z 

L 
Z 

L 
Z 

L 

Z 

L 

Z 

L 
Z 

L 
Z 

L 
L 

Paralle 

Load 

H 

L 

L 

X 

X 

X 

t 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

D0 

D0 

Shift  F 

ight 

H 
H 

L 
L 

H 
H 

H 
H 

L 
H 

L 
L 

t 
t 

DA 
DB 

Y7n 
Y7n 

Y6n 
Y6n 

Y5n 
Y5n 

Y4n 
Y4n 

Y3n 
Y3n 

Y2n 
Y2n 

Y1n 
Y1n 

Y1n 
Y1n 

Sign  E 

<tend 

H 

L 

H 

L 

X 

L 

t 

Y7n 

Y7n 

Y6n 

Y5n 

Y4n 

Y3n 

Y2n 

Y1n 

Y1n 

Hold 

H 

H 

X 

X 

X 

L 

t 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

L     =  LOW 

t  »  Clock  LOW-to-HIGH  Transition 
X     =    Don't  Care 


D7.  °6. 


H      =  HIGH 

NC   =    No  Change 

Z      =    High-Impedance  Output  State 


*When  the  OE  input  is  HIGH,  all  input/output  terminals  are  at  the  high-impedance  state;  sequential  operation  or  clearing  of  the  register  is  not 
affected. 


Dq  -  the  level  of  the  steady-state  input  at  the  respective  DYn  terminal  is  loaded  into  the  flip-flop  while  the  flip-flop  outputs  (except 


Qo)  are  isolated  from  the  DYn  terminal. 
Dy^,  DB  =  the  level  of  the  steady-state  inputs  to  the  serial  multiplexer  input. 

Y7n.  Y6n-  -  -  Y0n  =  the  level  of  the  respective  Qn  flip-flop  prior  to  the  last  Clock  LOW-to-HIGH  transition. 
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Am25LS22 


SWITC 
OVER 

Param 

IHING  CHARACTERISTICS 
OPERATING  RANGE* 

iters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°C  to  +125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tpLH 

Clock  to  DYj 

35 

41 

ns 

CL  =  50pF 
Ru  =  2.0kfl 

*PHL 

38 

44 

tpHL 

Clear  to  DYj 

43 

50 

ns 

*PLH 

Clock  to  Q0 

35 

41 

ns 

tPHL 

38 

44 

tpHL 

Clear  to  Q0 

43 

50 

ns 

»ZH 

OE  to  DYj 

32 

36 

ns 

tZL 

38 

44 

«H2 

28 

31 

CL  =  5.0pF 
RL  -  2.0kn 

«LZ 

34 

39 

«ZH 

SER/PAR  to  DY, 

38 

44 

ns 

CL  =  50pF 
RL  =  2.0kn 

tZL 

46 

53 

tHZ 

34 

39 

CL  =  5.0pF 
RL  =  2.0kfi 

tLZ 

42 

48 

tS 

RE  to  Clock 

30 

35 

CL  =  50pF 
RL  =  2.0kn 

ts 

SE  to  Clock 

17 

20 

ts 

S  to  Clock 

DA  and  DB  to  Clock 

24 

27 

ns 

«s 

24 

27 

♦s 

DY,  (Load)  to  Clock 

24 

27 

ts 

Clear  Recovery  to  Clock 

15 

17 

ts 

S/P  to  Clock 
Any  Input 

24 

27 

ns 

th 

4 

5 

th 

Clear  Hold 

4 

5 

ns 

tpw 

Clock 

HIGH 

15 

17 

ns 

LOW 

15 

17 

tpw 

Clear 

30 

 35  I 

ns 

'max 

Note!) 

Maximum  Clock  Frequency 

26 

23 

MHz 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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DEFINITION  OF  FUNCTIONAL  TERMS 


DYi 

Qo 

RE 

S/P 


SE 


The  multiplexed  parallel  input/output  port  to  the 
device.  Data  may  be  parallel  loaded  into  the 
register  or  data  can  be  read  in  parallel  from  the 
register  on  these  pins.  These  outputs  can  be  forced 
to  the  high-impedance  state,  i  =  0  through  7. 

The  continuous  output  from  the  Qg  flip-flop  of 
the  register.  This  output  is  used  for  serial  shifting. 

Register  Enable.  When  RE  is  LOW,  the  register 
functions  are  enabled.  When  RE  is  HIGH,  the 
register  functions  (parallel  load,  shift  right  and  sign 
extend)  are  inhibited. 

Serial/Parallel.  When  S/P  is  LOW,  the  register  can 
be  synchronously  parallel  loaded.  This  input  forces 
the  register  output  buffers  to  the  high-impedance 
state  independent  of  the  OE  input.  When  S/P  is 
HIGH,  the  register  contents  are  shifted  right  on 
the  clock  LOW-to-HIGH  transition. 

Sign  Extend.  When  the  SE  input  is  LOW,  the 
contents  of  the  Q7  flip-flop  will  be  repeated  in 
the  Q7  flip-flop  as  the  register  is  shifted  right. 
When  SE  is  HIGH,  the  two-input  multiplexer 
(Da  and  Db)  is  enabled  to  enter  data  during  the 
serial  shift  right.  The  Q7  flip-flop  (DY7)  is  nor- 
mally considered  the  MSB  of  the  register  for 
arithmetic  definitions. 


Da,  Db  The  serial  inputs  to  the  device. 

S  Multiplexer  Select.  When  S  is  LOW,  the  Da  serial 

input  is  selected.  When  S  is  HIGH,  the  Db  serial 
input  is  selected. 

CLR       Clear.  The  asynchronous  clear  to  the  register. 

When  the  clear  is  LOW,  the  outputs  of  the  flip- 
flops  are  set  LOW  independent  of  all  other  inputs. 
When  the  clear  is  HIGH,  the  register  will  perform 
the  selected  function. 

CP  Clock.  The  clock  pulse  for  the  register.  Register 
operations  occur  on  the  LOW-to-HIGH  transition 
of  the  clock  pulse. 

OE  Output  Control.  When  the  OE  input  is  HIGH,  the 
eight  DYj  outputs  are  in  the  high-impedance  state. 
When  OE  is  LOW,  data  in  the  eight  flip-flops  will 
be  present  at  the  register  parallel  outputs  unless 
S/P  is  LOW. 


Note:  Actual  current  flow  direction  shown. 
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CLEAR  - 
CLOCK  ■ 
Of  ■ 


CONTROL  I 
INPUTS 


S/P  RE 


°0 


DY7  DYg  DYg  DY4  DY3  DY2  DY,  DYQ 


YI5   Y14  Y13  Y12  YU   Y10    Y9  Y8 
LSB 


UPPER  BYTE 


DY,  DYg  DYg  DY4  DY3  DY2  DY,  DY„ 


Y7     Y6     Y5     Y4     Y3     Y2     Yl  Y0 


16-BIT  DATA  BUS 


LOWER  BYTE 


SYSTEM 
OPERATION 

Am25LS22 
UPPER  BYTE 

Am25LS22 
LOWER  BYTE 

FUNCTION 

SE 

S/P 

RE 

OE 

SE 

S/P 

RE 

OE 

Description 

Load  lower  byte  and 
extend  lower  byte  sign 
to  upper  byte 

H 

H 

L 

X 

X 

L 

L 

X 

Load  from  Bus 

L 

H 

L 

H 

X 

X 

H 

H 

7  clock  cycles  to 
extend  sign 

Load  upper  byte  and 
extend  upper  byte  sign 
while  shifting  value  to 
lower  byte  position 

X 

L 

L 

X 

X 

X 

X 

X 

Load  from  Bus 

H 

H 

L 

H 

H 

H 

L 

H 

8  clock  cycles  to  extend 
upper  byte  sign  and  shift 
upper  byte  into  lower  byte 
position 

Read  16-bit  word  to  Bus 

X 

X 

X 

L 

X 

X 

X 

L 

Unload 

Two  Am25LS22  8-bit  registers  can  be  used  to  perform  the  sign  extend  associated  with  two's  complement  8-bit  bytes 
for  arithmetic  operations  in  a  16-bit  machine.  If  the  upper  byte  value  is  to  be  used,  it  is  shifted  to  the  lower  bit  posi- 
t  ons  and  its  sign  is  extended.  If  the  lower  byte  value  is  to  be  used,  it  is  held  in  place  while  the  sign  is  extended  down- 
ward from  the  MSB  position  of  the  upper  byte. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.096"  X  0.112" 
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Am25LS23 

8-Bit  Shift/Storage  Register  with  Synchronous  Clear 


DISTINCTIVE  CHARACTERISTICS 


Synchronous  clear 
Three-state  outputs 
Common  input/output  pins 
Cascadable  shifting 

Second  sourced  by  T.I.  as  54 LS/74 LS323 

100%  product  assurance  screening  to  MIL-STD-883 

requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS23  is  an  8-bit  universal  shift/storage  register  with 
3-state  outputs.  The  function  is  similar  to  the  Am25LS299 
with  the  exception  of  a  synchronous  clear  function.  Parallel 
load  inputs  and  register  outputs  are  multiplexed  to  allow  the 
use  of  a  20-pin  package.  Separate  continuous  outputs  are  ajso 
provided  for  flip-flops  Qo  and  Q7. 

Four  modes  of  operation  are  possible  —  Hold  (store),  Shift- 
left,  Shift-right  arid  Load  Data.  The  Am25LS23  has  a  typical 
shift  frequency  of  50MHz.  The  Am25LS23  is  packaged  in  a 
standard  20-pin  package. 


LOGIC  DIAGRAM 


output!  ui- 
conthols1  g,- 


CONNECTION  DIAGRAM 
Top  View 

VCC    S1     SL    °7    DY7  °Y5  DY3  DV,    CP  SR 

nnnnnnnnnn 


20     19     18     17     16     15      14     13     12  11 


23456789  10 

uuuuuuuuuu 

Sq     G,     G2    DYg  OY4  DY2  DYq    Oq    CLR  GND 

Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 

12        9  1        19  2  3 

±A  U  LA. 


CP  CLR 


%  s1 


DYq    DY.     DY?     DY,     DY.     DYc     DYb  DY7 


7         13         G         14         5         15         4  16 
VCC  *  Pl"  20 

GND  =  Pin  10 


3-26 


Am25LS23 

ELECTRICAL  CHARACTERISTICS  The  following  conditions  apply  unless  otherwise  specified: 


COM'L       TA  =  0°C  to  +70°C  Vcc  =  5.0V  ±  5% 

MIL  TA  = -55°C  to +125°C        VCC  =  5.0V±10% 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 


(MIN.  =  4.75V  MAX.  =  5.25V) 
(MIN.=  4.50V    MAX.  =  5.50V) 


Test  Conditions  (Note  D 


Min. 


Typ. 

(Note  2)        Max.  Units 


Output  HIGH  Voltage 

VCC  =  MIN. 
V|N  =  V|Hor 

vol 

O0.°-7 

l0H  "  -440/jA 

MIL 

2.5 

Volts 

COM'L 

2.7 

DY0-DY7 

MIL,  Ioh  =  —1.0mA 

2.4 

COM'L,  IQH  "  -2.6mA 

2.4 

V0L 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|HorV|L 

lOL  =  4.0mA 

0.25 

0.4 

Volts 

Iql  =  8.0mA 

0.35 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

v. 

Input  Clamp  Voltage 

VCC  '  MIN.,  Iim  =  -18mA 

-1.5 

Volts 

'  I L 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

So  .  Si 

-0.8 

mA 

All  others 

-0.4 

l|H 

Input  HIGH  Current 

VCC  *  MAX.,  V|N  »  2.7  V 
(Except  DYj) 

So.s, 

40 

uA 

All  others 

20 

!l 

Input  HIGH  Current 

VCC  -  MAX., 
(Except  DYj) 

V,N=7V 

So.  Si 

0.2 

mA 

Sl,G"2,  CLR.CP 

0.1 

V|N  =  5.5V 

Others 

0.1 

'oz 

Off -State  (High  Impedance) 
Output  Current 

VCC-MAX. 

Vo  =  0.4V 

-100 

MA 

V0  a  2.4V 

40 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

•cc 

Power  Supply  Current 

VCC  "  MAX-  (Note  4) 

38 

60 

mA 

.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
.  Typical  limits  are  at  Vcc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time. 

4.  Ice  ~  measured  with  clock  input  HIGH  and  output  controls  HIGH. 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 
-0.5V  to+7.0V 
-0.5V  to  +VCC  max. 


Supply  Voltage  to  Ground  Potential  Continuous 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


DC  Input  Voltage  (So,  Si,  G^  G2,  CLR,  CP) 


-0.5V  to  +7.0V 


DC  Input  Voltage  (Others) 


-0.5V  to+5.5V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input  Current 


-30mA  to  +5. 0mA 


SWITCHING 

Parameters 


CHARACTERISTICS 

Description 


(TA  =  +25°C,  VCC  =  5.0V) 
Min.  Typ. 


Max. 


Units 


Test  Conditions 


«PLH 

Clock  to  Qg  or  Q7 

18 

26 

ns 

'PHL 

23 

28 

«PLH 

Clock  to  DYj 

18 

26 

ns 

'PHL 

21 

28 

«s 

Si ,  Sq  Set-up  Prior  to  Clock 

12 

ns 

CL  *  15pF 

«s 

DYj  or  Sr.  S[_  Set-up  Prior  to  Clock 

12 

ns 

RL  =  2.0k.Q 

tpw 

Pulse  Width  (Clock) 

15 

ns 

*s 

Clear  to  Clock 

15 

ns 

tZH 

Si,  So,  §1,  §2  to  DYj 

18 

30 

ns 

*ZL 



20 

30 

tLZ 

Si ,  Sq,  Gi ,  G2,  to  DYj 

22 

33 

ns 

CL  =  5.0pF 

tHZ 

16 

23 

RL  =  2.0kfi 

fmax 

Maximum  Clock  Frequency  (Note  1 ) 

35 

50 

MHz 

Per  industry  convention,  fmax  ' 
pulse  width  or  duty  cycle. 
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Am25LS23 


SWITCH^ 
OVER  OP 

Parameters 

IG  CHARACTERISTICS 
ERATING  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°Cto  +7CC 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55Xto  +  125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

clock  to  Up  or  U7 

38 

44 

ns 

CL  =  50pF 
RL  =  2.0kO 

*PHL 

40 

47 

*PLH 

LIOCK  to  U  Y  j 

38 

44 

ns 

*PHL 

40 

47 

«s 

S1f  So  Set-up  Prior  to  Clock 

20 

23 

ns 

«s 

DY,  or  SR,  Sl  Set-up  Prior  to  Clock 

20 

23 

ns 

*pw 

Pulse  Width  (Clock) 

24 

27 

ns 

ts 

Clear  to  Clock 

24 

27 

ns 

tZH 

c    c    7i    n   *n  nv 

0,,  Ofj,  *J,,  U2  to  UYj 

43 

50 

ns 

tZL 

43 

50 

tLZ 

St,  S0,  @t,  G2  to  DY, 

43 

50 

ns 

CL  =  5.0pF 
RL  =  2.0kfl 

tHZ 

30 

35 

'max 

Maximum  Clock  Frequency  (Note  1 ) 

26 

23 

MHz 

*AC  performs 

nee  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 

DEFINITION  OF  FUNCTIONAL  TERMS 


Shift  right  data  input  to  Q7 
Shift  left  data  input  to  Qo 

Active  LOW  synchronous  input  forcing  the  Qo 
through  Q7  register  to  see  LOW  conditions, 
visable  only  if  outputs  are  enabled 

A  LOW-to-HIGH  transition  will  result  in  the 
register  changing  state  to  next  state  as  described 
by  mode  and  input  data  condition 


So,  Si  Mode  selection  control  lines  used  to  control 

input  (output  during  load)  conditions 

G1,  G2  Active  LOW  input  to  control  three-state  output 

in  active  LOW  AND  configuration 

QO,  Q7  The  only  two  direct  outputs;  used  to  cascade 

shift  operations 

DYo— DY7  Input/Output  line  dependent  on  mode  and  out- 
put control.  Input  only  with  mode  select 
LOAD.  Output  in_all_other  modes  but  subject 
to  output  select  (G1 ,  G2). 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

INPUTS/OUTPUTS 

FUN( 

:tion 

Sr 

sL 

CLEAR 

CLOCK 

So 

St 

G2 

Qo 

°7 

DY0 

DY, 

DY2 

DY3 

DY4 

DYg 

DY7 

Clear 

X 

X 

L 

t 

(Note  1 ) 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

X 

X 

X 

X 

H 

L 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Output 
Control 

X 

X 

X 

X 

X 

X 

L 

H 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

Z 

X 

X 

X 

X 

X 

X 

H 

H 

NC 

NC 

Z 

Z 

Z 

Z 

Z 

Z 

z 

Z 

Ho 

X 

X 

H 

X 

L 

L 

L 

L 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

M 

Load  (Note  2) 

X 

X 

H 

t 

H 

H 

L 

L 

A 

H 

A 

B 

C 

D 

E 

F 

G 

H 

O 

Shift  Right 

L 

X 

H 

t 

H 

L 

L 

L 

L 

DY6 

L 

DY0 

DY, 

DY2 

DY3 

DY4 

DYS 

DYg 

D 

Shift  Right 

H 

X 

H 

t 

H 

L 

L 

L 

H 

DY6 

H 

DY0 

DY, 

DY2 

DY3 

DY4 

DYg 

DYg 

E 

Shift  Left 

X 

L 

H 

t 

L 

H 

L 

L 

DY, 

L 

DY, 

DY2 

DY3 

DY4 

DY5 

DYg 

DY7 

L 

Shift  Left 

X 

H 

H 

t 

L 

H 

L 

L 

DY, 

H 

DY, 

DY2 

DY3 

DY4 

DV5 

DYg 

DY7 

H 

L  =  LOW         Z  -  High  Impedance        t  =  Transition  LOW-to-HIGH  Notes:  1.   Either  LOW  to  observe  outputs. 

H  -=  HIGH        X  -  Don't  Care  NC  =  No  Change  2.   In  this  mode  D Yj  are  inputs. 
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5LS23 


Utner  Kins 

DRIVING  OUTPUT  I  DRIVEN  INPUT 


■ 

Note:  Actual  current  flow  direction  shown. 





EftlAL 
OUTPUT  - 
LEFT 


CLOCK  - 
OUTPUT 


APPLICATION 


NPUT/OUTPUT  DATA 


°0       Dl       D2       D3      D4       DB       D6  D7 


°8       D9      D10     Dll     D12     D13     D14  D15 


DYq    DY,     DY2    DY3     DY4    u  i 


DY0  DY,  DY2  DY3  DY„  DYg  0Y6  DY? 
5R  SL 

:lear  clk 


16-Bit  Cascaded  Parallel  Load/Unload  Shift  Right/Left  Register. 


SHIFT 
-  LEFT 
INPUT 


SERIAL 
-  OUTPUT 
RIGHT 


Metallization  and  Pad  Layout 


1 

5, 

2 

s2 

3 

°Y6 

4 

DY„ 

5 

DY2 

6 

DY0 

7 

°o 

8 

CLR 

a 

GNO 

10 

20  VCC 
19  S, 


1  Zirn5Wnx=n 


17  Q7 

■  16  DY- 
15  DY, 

■  14  DY. 
13  DY 
12  CP 


11  S„ 


DIE  SIZE 
0.096"  X  0.112" 
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Am25LS1 38  •  Am54LS/74LS1 38 

3-Line  To  8-Line  Decoder/Demultiplexer 


DISTINCTIVE  CHARACTERISTICS 

•  Inverting  and  non-inverting  enable  inputs 

•  Am25LS  devices  offer  the  following  improvements  over 
Am  54/74  LS 

—  Higher  speed 

—  50m V  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440/uA  source  current 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS138  is  a  3-line  to  8-line  decoder/demultiplexer 
fabricated  using  advanced  Low-Power  Schottky  technology. 
The  decoder  has  three  buffered  select  inputs  A,  B  and  C 
that  are  decoded  to  one  of  eight  Y  outputs. 

One  active-HIGH  and  two  active-LOW  enables  can  be  used 
for  gating  the  decoder  or  can  be  used  with  incoming  data 
for  demultiplexing  applications.  When  the  enable  input 
function  is  in  the  disable  state,  all  eight  Y  outputs  are  HIGH 
regardless  of  the  A,  B  and  C  select  inputs. 

The  Am54LS/74LS138  is  a  standard  performance  version 
of  the  Am25LS138.  See  appropriate  electrical  characteristic 
tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


I — [><> 


i — [>o- 


■>-■ 


CONNECTION  DIAGRAM 
Top  View 

VCC    v0    Yl     *J    Y3     Y4     Y5  v6 

nnnnnnnn 

16     15     14     13     12     11     10  9 


LOGIC  SYMBOL 


1       2       3      4       5       6       7  8 

uuuuuuuu 

ABC     G2A  G2B    Gl     Y7  GND 


Note:  Pin  1  is  marked  for  orientation. 


TTTTITTT 

15     14     13     12     11     10      9  7 


VCC  =  Pin  16 
GND  =  Pin  8 
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Am25LS/54LS/74LS138 


ELECTRICAL  CHARACTERISTICS  Am25LS138 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 
COM'L       TA  =  0°Cto+70°C  Vcc  =  5.0V  ±  5% 

MIL  TA=  -55°Cto+125°C        VCC  =  5.0V±10% 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 
Parameters  Description 


(MIN.  =  4.75V  MAX.  =  5.25V) 
(MIN.  =  4.50V    MAX.  =  5.50V) 


Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


v0 

H 

Output  HIGH  Voltage 

VCC  =  MIN.,  I0H  =  -440/jA 
V|N  =  V|HorV||_ 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

v0 

L 

Output  LOW  Voltage 

VCC  =  MIN. 

VIN  =  V|HorV|L 

Iql  =  4mA 

0.4 

Volts 

Iql  =  8mA 

0.45 

V|h 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|l 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N  f  -18mA 

-1.5 

Volts 

1 1 1_ 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

-0.36 

mA 

1 1 H 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  2.7V 

20 

uA 

'1 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  7.0V 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 

(Note  3) 

VCC  =  MAX- 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  -  MAX.  (Note  4) 

6.3 

10 

mA 

ELECTRICAL  CHARACTERISTICS  Am54LS/74LS138 

The  Fo  lowing  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C  VCc  "  5.0V  ±  5%  (MIN.  =  4.75V 

MIL  TA  = -55°C  to +125°C        Vcc  =  5.0V  i  1 0%  (MIN.=4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


MAX. 
MAX. 


:  5.25V) 
5.50V) 


Typ. 


Paramet 

ers 

Description 

Test  Conditions  (Note  1 ) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  ■  MIN.,  I0H  '  -400uA 

MIL 

2.5 

3.4 

Volts 

V|N  =  VIH  °r  V|L 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCc  =  MIN.          I  All,  Iql  = 

4mA 

0.4 

Volts 

V|N  =  V|H  or  V|Lp74LSonly,lOL=8mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

In. 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

-0.36 

mA 

Mm 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

20 

HA 

Input  HIGH  Current 

VCC  =  MAX-  VIN  "  7  0v 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  -  MAX.  (Note  4) 

6.3 

10 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  t 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Outputs  enabled  and  open. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65°C  to  +150°C 


Temperature  (Ambient)  Under  Bias 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-55  C  to  +125  C 


-0.5V  to  +7.0V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +7.0V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input 


Current 


-30mA  to  +5. 0mA 
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SWITCHING  CHARACTERISTICS 


Parameter*; 

Description 

Am25LS 
Min.        Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units        Test  Conditions 

«PLH 

Two  Level  Delay 
Select  to  Output 

10 

15 

13 

20 

ns 

CL  " 15pF 
RL  =  2.0k£2 

«PHL 

14 

21 

27 

41 

*PLH 

Three  Level  Delay 
Select  to  Output 

15 

23 

18 

27 

ns 

'PHL 

18 

27 

26 

39 

tPLH 

G2A  or  G2B 
to  Output 

10 

15 

12 

18 

ns 

«PHL 

15 

23 

21 

32 

tPLH 

G1  to  Output 

12 

18 

17 

26 

ns 

«PHL 

i  

18 

27 

25 

38 

Am254_S  0 
SWITCHIN 
OVER  OPE 

Parameters 

MLY 

G  CHARACTERISTICS 
RATING  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°C  to  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tpLH 

Two  Level  Delay 
Select  to  Output 

24 

27 

ns 

CL  =  50pF 
RL  =  2.0kfi 

tpHL 

31 

36 

Three  Level  Delay 
Select  to  Output 

34 

39 

ns 

*PHL 

39 

45 

♦PLH 

G2A  or  G2B 
to  Output 

24 

27 

ns 

♦PHL 

34 

39 

*PLH 

G1  to  Output 

27 

32 

ns 

*PHL 

39 

45 

"AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


DEFINITION  OF  FUNCTIONAL  TERMS 


A,  B,  C  Select.  The  three  select  inputs  to  the  decoder. 
G1    The  active-HIGH  enable  input.  A  LOW  on  the  G1 
put  forces  all  Y  outputs  HIGH  regardless  of  any  other 
inputs. 


G2A,  G2B  The  active-LOW  enable  input.  A  HIGH  on 
either  the  G2A  or  G2B  input  forces  all  Y  outputs  HIGH 
regardless  of  any  other  inputs. 

Y0.  Y1 .  Y2.  Y3.  Y4,  Y5.  Y6.  Y7  Tne  ei9ht  decoder  outputs. 


Am25LS  •  Am54LS/74LS 
LOW  POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


FUNCTION  TABLE 


Inputs 

Outputs 

Enable 

Select 

G1 

G2A 

G2B 

C 

B 

A 

Y0 

Vl 

Y3 

Y4 

Y5 

Y6 

Y7 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H  =  HIGH 


L  -  LOW 


X  =  Don't  care 
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Am: 


25LS/54LS/74LS138 


Y2  O- 


DF.CODE 
DATA  OUTPUT 


ONE-OF-SIXTEEN  DEMULTIPLEXER 


Metallization  and  Pad  Layout 


DIE  SIZE  0.065"  X  0.065' 
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Dual  2-Line  To  4-Line  Decoder/Demultiplexer 


DISTINCTIVE  CHARACTERISTICS 

•  Two  independent  decoders/demultiplexers 

•  Am25LS  devices  offer  the  following  improvements  over 
Am  54/74  LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440/iA  source  current 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS139  is  a  dual  2-line  to  4-line  decoder/demulti- 
plexer unit  fabricated  using  advanced  Low-Power 
Schottky  technology.  Each  decoder  has  two  buffered 
select  inputs  A  and  B  which  are  decoded  to  one  of  four  Y 
outputs. 

An  active  LOW  enable  can  be  used  for  gating  or  can  be 
used  as  a  data  input  for  demultiplexing  applications. 
When  the  enable  is  HIGH,  all  four  Y  outputs  are  HIGH,  re- 
gardless of  the  A  and  B  inputs. 

The  Am54LSf74LS139  is  a  standard  performance  version 
of  the  Am25LS139.  See  appropriate  electrical  characteris- 
tic tables  for  detailed  Am25LS  improvements. 

■ 


LOGIC  DIAGRAM 
(One  Decoder  Shown) 


CONNECTION  DIAGRAM 
Top  View 


»c 

16 

»c 

2 

is 

3* 

•>c 

3 

14 

3« 

IY0  Q 

4 

13 

2B 

IV!  [~ 

12 

^]2Y0 

6 

^  2Y1 

8 

9 

^  2Y3 

Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


1Y0   1Y1    1Y2  1Y3 


TTTT 


2Y0  2Y1    2Y2  2Y3 


TTTT 

12     n     10  9 


Vcc  =  Pin  16 
GND  =  Pin  8 
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Am25LS/54LS/74LS139 
Am25LS139 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°Cto+70°C  Vcc  =  S.OV  ±  5%  (MIN.  =  4.75V    MAX.  =  5.25V) 

MIL  TA  =  -55°Cto+125°C        Vcc  =  5.0V  ±  10%        (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Typ. 


'arameters 

Description 

Test  Conditions  (Note  D 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  ■  MIN.,  I0H  =  -440uA 

MIL 

2.5 

3.4 

Volts 

V|N=V|HorV||_ 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN., 

Iql  =  4mA 

0.4 

Volts 

V|N  =  V|H  or  V|L 

Iql  =  8mA 

0.45 

V,H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

ML 

Input  LOW  Current 

VCC  =  MAX.,  V|N  - 

0.4V 

-0.36 

mA 

■  I  H 

Input  HIGH  Current 

VCC  =  MAX.,  VtN=  2.7V 

20 

*A 

'  I 

Input  HIGH  Current 

VCC  =  MAX.,  V,N=  7.0V 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =■  MAX. 

-15 

-85 

mA 

>cc 

Power  Supply  Current 

Vcc  =  MAX-  <Note  4> 

6.8 

11 

mA 

Notes:  1 
2 
3 
4. 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  VcC  -  5.0V,  25  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
*CC  is  measured  with  all  outputs  enabled  and  open. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65°Cto+150°C 


Temperature  (Ambient)  Under  Bias 


-55°Cto+125°C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5V  to  +7.0V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +7.0V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 
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Am54LS/74LS139 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =0°Cto +70°C  Vcc  =  5.0V  ±  5%  (MIN. -4.75V    MAX.  -  5.25V) 

MIL  TA  =  -55°Cto+125°C        VCC  -  5.0V  +  10%        (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Description 


Parameters 


Test  Conditions  (Note  i) 


Typ. 

Min.        (Note  2)       Max.  Units 


V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  I0H  =  -400mA 
V|N  "  V|H  or  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC=  MIN., 
vIN  =  vIH°rVIL 

All,  Iol  "  4mA 

0.4 

Volts 

74LS  only,  Iql  =  8mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  ail  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|M  =  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  i  MAX.,  V|N  =  0.4V 

-0.36 

mA 

1 1 H 

Input  HIGH  Current 

VCC  -  MAX..  V|N  =  2.7V 

20 

,iA 

>l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

•sc 

Output  Short  Circuit  Current 
INote  3) 

VCC  ■  MAX. 

-15 

-100 

mA 

!CC 

Power  Supply  Current 

Vcc  "  MAX-  <Note  4) 

6.8 

11 

mA 

Notes:    1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vrjc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  \qq  is  measured  with  all  outputs  enabled  and  open. 


SWITCHING  CHARACTERISTICS 


Am25LS 

Am54LS/74LS 

Parameters 

Description 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

«PLH 

Select  to  Output, 

8 

12 

13 

20 

ns 

*PHL 

2  Levels  of  Delay 

12 

18 

22 

33 

tPLH 

Select  to  Output, 

13 

20 

18 

29 

ns 

CL  =  15pF 

tPHL 

3  Levels  of  Delay 

14 

21 

25 

38 

FtL  '  2.0kS2 

«PLH 

Enable  to  Output, 

8 

12 

16 

24 

ns 

tPHL 

2  Levels  of  Delay 

12 

18 

21 

32 

Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  OX  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°C  to  +  125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tpLH 

Select  to  Output 
2  Levels  of  Delay 

20 

23 

ns 

CL  =  50pF 
RL  =  2.0kfi 

*PHL 

27 

32 

*PLH 

Select  to  Output 
3  Levels  of  Delay 

30 

35 

ns 

*PHL 

31 

36 

*PLH 

Enable  to  Output 
2  Levels  of  Delay 

20 

23 

ns 

tPHL 

27 

32 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS139 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B  Select.  The  two  select  inputs  to  the  decoder. 
G    Enable.  The  enable  input  to  the  decoder.  A  HIGH  input 
forces  all  four  Y  outputs  HIGH  regardless  of  the  A  and 
B  inputs. 

Yq,  Y-| ,  Y2,  Y3   The  four  decoder  outputs. 


FUNCTION  TABLE 


INPUTS 


ENABLE 
G 


SELECT 
B  A 


OUTPUTS 


Y1 

v2 

v3 

H 

H 

H 

H 

H 

H 

L 

H 

H 

H 

L 

H 

H 

H 

L 

H  =  HIGH 


L=  LOW 


X  =  Don't  care 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25LS/54LS/74LS139 


APPLICATIONS 


A0. 

*3- 


S    Of,  D\  0;  D3  04  D5  Og  Oj 


S   Do  Dl  D?  D3  D4  D5  D6  D7 


D0  Di    D?  O3  D4  Os  Og  Oj 


S   D0  D|   0!  03  D«  D5  De  °7 


MULTIPLEXER  OUTPUT 


MULTIPLEXER  OUTPUT 

32-INPUT  DEMULTIPLEXER 


DATA  INPUT 


1/2  OF  Am25LS139 


YD  1V1    1Y2  iy: 

6    6    6  6 


■i:: 


1/2  OF  Am25LS139 


2Y0    2Y1  2Y2  2Y3 

6    6  6 


DATA  ROUTING  USING  ONE  Am25LS139  AS  A  DEMULTIPLEXER  FOR  TWO  BITS 


Metallization  and  Pad  Layout 


15  2G 
Ifl  2A 


IB  3  - 
IYO       1  - 


Lrf *|**«^ 


1Y2  6- 

TY3      ?  - 


-  10  2Y? 

-9  ?Y3 


DIE  SIZE  0.065"  X  0.065" 
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Am25LS148  •  Am54LS/74LS1 48 

Eight-Line  To  Three-Line  Priority  Encoder 


DISTINCTIVE  CHARACTERISTICS 

•  Encodes  eight  inputs  in  priority 

•  Provides  a  3-bit  binary  vector 

•  Indicates  data  present  for  all  inputs 

•  Cascadable  using  available  signals 

•  bee  Am25LS2513  for  three-state  output  version  of  the 
Am25LS148 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

-  Higher  speed 

—  50mV  lower  Vol  at  'OL  =  8mA 
|-  Twice  the  fan-out  over  military  range 

-  440uA  source  current  at  high  output 
00%  product  assurance  screening  to  Ml  L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

These  TTL  Encoders  perform  priority  decoding  from  8  inputs 
and  provide  a  binary  weighted  code  of  the  priority  order  of 
the  inputs  on  three  active_LOW  outputs  (A2,  A-|,  An,).  An 
active  LOW  enable  input  (El)  and  enable  output  (EO)  allows 
cascading  without  the  need  for  external  circuitry.  Enable 
input  El  HIGH  will  force  all  outputs^  HIGH.  The  enable 
output  is  LOW  when  all  inputs  (lg  to  I7)  are_HIGH  and  the 
enable  input  is  LOW.  A  LOW  group  signal  (GS)  indicates  that 
one  of  the  8  inputs  is  LOW.  When  the  enable  input  is  LOW, 
the  enable  output  is  the  logic  inverse  of  the  group  signal. 

The  Am54LS/74LS148  is  a  standard  performance  version  of 
the  Am25LS148.  See  appropriate  electrical  characteristic  tables 
for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


Note:  The  Advanced  Micro  Devices'  LS148  products  were  designed 
prior  to  publication  of  data  sheets  by  T.I.  Review  specifications  for 
possible  differences. 


LOGIC  SYMBOL 


10      11      12     13       1       2       3  4 

11111111 


I  TTTTT 


15  9  7 


Vcc  =  Pin  16 
GND  =  Pin  8 


CONNECTION  DIAGRAM 
Top  View 


vcc   m    GS     l3     l2     1,     l0  A0 

nnnnnnnn 

16      15      14      13     12      11      10  9 


12345678 

uuuuuuuu 

'4      '5      '6      '7      El  A,  GND 


Note:  Pin  1  is  marked  for  orientation. 


Am25LS/54LS/74LS148 


Am25LS148 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70° C  VCC«5.0V±5%         MIN.  =  4.75  V  MAX. 

MIL  TA  =  -55°C  to  +125°C        VCC»5.0V±10%       MIN.=  4.50  V  MAX. 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


5.25  V 
5.50  V 


Typ. 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

(Note  2) 

Max. 

Units 

Output  HIGH  Voltage 

VCC=MIN„  l0H  =  -440/uA 

MIL 

2.5 

3.4 

Volts 

V|N  "  V|H  or  V|L 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

Iql  =  4.0mA 

0.4 

Volts 

V|H 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

nput  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

nput  Clamp  Voltage 

Vcc  =  MIN.,  I |M  =  -18mA 

-1.5 

Volts 

l|L 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

El.  In. 

-0.4 

mA 

All  others 

n  h 

1*4 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

El, T0 

20 

MA 

AM  others 

40 

nput  HIGH  Current 

VCC  »  MAX.,  V|N  -  7.0V 

El,  T0 

0.1 

mA 

'1 

All  others 

0.2 

'sc 

Output  Short  Circuit  Current 
(Note  31 

VCC  -  MAX. 

-15 

-85 

mA 

'cc 

— = 

Power  Supply  Current 

VCC  =  MAX. 

Condition  a 

11 

19 

mA 

(Note  4) 

Condition  b 

10 

16 

Notes:  1 .   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  a.   l7   E  I  Gnd  all  others  open, 
b.   Iq  ~~*  I7.  El  open. 


Am25LS  •  Am54LS/74LS 


MAXIMUM 

RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temp 

■rature 

-65°Cto  +150°C 

Temperature  I 

Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltag 

e  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5  V  to  +7.0V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 
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Am25LS/54LS/74LS148 

Am54LS/74LS148 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

TA  =  0°C  to  +70°C  VCC-5.0V±5%         MIN.  =  4.75  V 

TA  =  -55°C  to  +125° C        VCC  =  5.0V±10% 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1 1 


COM'L 
MIL 


MAX.  =  5.25  V 
MIN.  -4.50  V      MAX .  =  5.50  V 


Typ. 

Min.        (Note  21  Max. 


Units 


vO  - 

uutput  mijn  voltage 

Vcc  =  MIN.,  10H  ■  -400jiA, 
VIN  "  VIH  °r  VlL 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  "  MIN. 

V|N  -  V|H  or  V|L 

All,  Iql  =  4.0mA 

0.4 

Volts 

74LSonly,  Iql  =  8.0mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N  =  -18mA 

—1 .5 

Volts 

"IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

EL  '0 

-0.4 

mA 

All  others 

-0.8 

>IH 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7V 

eT.Tq 

20 

MA 

All  others 

40 

h 

Input  HIGH  Current 

VCc  "  MAX.,  V!N  =  7.0V 

Ei.Tfj 

0.1 

mA 

All  others 

0.2 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  -  MAX. 

-15 

-100 

mA 

>cc 

Power  Supply  Current 
(Note  4) 

VCC  "  MAX. 

Condition  a 

12 

20 

mA 

Condition  b 

10 

17 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  a.  I7,  El  Gnd  all  others  open, 
b.  1 0  ~*  I  7,  El  open . 


TRUTH  TABLE 


ENABLE 
IN 

INPUTS 

GROUP 
SELECT 

OUTPUTS 

ENABLE 
OUT 

El 

'o 

'1 

'2 

'3 

'4 

'5 

>6 

'7 

GS 

An 

Al 

A2 

EO 

H 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

H 

L 

X 

X 

X 

X 

X 

X 

L 

H 

L 

H 

L 

L 

H 

L 

X 

X 

X 

X 

X 

L 

H 

H 

L 

L 

H 

L 

H 

L 

X 

X 

X 

X 

L 

H 

H 

H 

L 

H 

H 

L 

H 

L 

X 

X 

X 

L 

H 

H 

H 

H 

L 

L 

L 

H 

H 

L 

X 

X 

L 

H 

H 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 
H 

H 
H 

H 
H 

H 
H 

L 

L 

H  H 

H 
H 

H 
H 

H  =  HIGH  Voltage  Level 
L  =  LOW  Voitage  Level 
X  =  Don't  Care 
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Am25LS/54LS/74LS148 


Vcc  =  5.0V) 

Am25LS 

Am54LS/74LS 

Parameters 

Description 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

'PLH 

lj  to  An  (In  Phase  Output) 

12 

18 

12 

18 

ns 

«PHL 

9 

14 

17 

25 

'PLH 

||  to  Mn  iuu t-ot-rnase  uutput/ 

16 

24 

24 

36 

ns 

'PHL 

12 

18 

19 

29 

«PLH 

|.  |=Q 

7 

11 

12 

18 

ns 

«PHL 

23 

35 

23 

40 

'PLH 

32 

48 

32 

55 

ns 

C(_  =  15pF 

'PHL 

12 

18 

14 

21 

R|_  =  2.0kJ2 

'PLH 

eI  to  -V 

13 

20 

13 

25 

ns 

'PHL 

8 

12 

17 

25 

'PLH 

E~i  to  GS 

12 

17 

12 

17 

ns 

»PHL 

9 

14 

24 

36 

«PLH 

El  to  EO 

9 

14 

14 

21 

ns 

tPHL 

25 

35 

25 

35 

Am25LS  0 
SWITCHIN 

NLY 

G  CHARACTERISTICS 
RATING  RANGE* 

Am25LS  COM'L 

Am25LS  MiL 

OVER  OPE 

Ta  =  0°C  to  +70°C 

TA  =  -55°Cto+125°C 

Vcc  =  5.0V±5% 

Vcc  =  5.0V±10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

tPLH 

ijtoA^  (In  Phase  Output) 

23 

27 

ns 

tPH  L 

21 

27 

«PLH 

lj  to  An  (Out-of-Phase  Output) 

33 

39 

P)S 

*PHL 

30 

34 

tPLH 

to  EO 

15 

16 

ns 

«PHL 

50 

60 

tPLH 

T;  to  GS 

75 

90 

ns 

CL  =  50pF 

•PHL 

30 

33 

RL=  2.0kJ2 

«PLH 

El  to  A, 

28 

33 

ns 

tPHL 

21 

25 

'PLH 

El  toGS 

26 

30 

ns 

«PHL 

26 

30 

'PLH 

Ei  to  EO 

19 

22 

ns 

'PHL 

60 

75 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS148 


APPLICATION 


Priority  interrupt  encoding  expanded  to  16. 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


□  RIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


DEFINITION  OF  FUNCTIONAL  TERMS 

An     Address  Data  Outputs.  Low  address  of  most  significant 
low  data  input  (n  =  0,  2). 

El      Low  Enable  Input.  Enable  input  HIGH  forces  all  out- 
puts HIGH. 

EO     Low  Enable  Output.  Indicates  that  enable  input  is  LOW 
and  no  input  is  active. 

GS     Low  Group  Signal.  If  enable  input  is  LOW,  indicates 
when  any  input  is  active. 

Ij       Data  Inputs.  Designates  one  of  the  eight  active  LOW 
inputs  (i  =  0—7). 


Metallization  and  Pad  Layout 


DIE  SIZE  0.082"  X  0.085" 
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Am25LS151  •  Am54LS/74LS1 51 
Am25LS251  •  Am54LS/74LS251 

c:„u*  i  ...  >a.. ■<.:_■  


Eight-Input  Multiplexers 


DISTINCTIVE  CHARACTERISTICS 

•  Switches  one-of-eight  inputs  to  two  complementary  outputs 

•  Standard,  'LS151  and  three-state,  'LS251  output  versions 

•  Am25LS  devices  offer  the  following  improvements  over 
Am  54/74  LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440/aA  source  current 

•  100%  product  assurance  screening  to  M1L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS151  and  the  Am25LS251  are  eight-input 
multiplexers  that  switch  one  of  eight  inputs  onto  the 
inverting  and  non-inverting  outputs  under  the  control  of  a 
three-bit  select  code.  The  inverting  output  W  is  one  gate 
delay  faster  than  the  non-inverting  output  Y. 

The  Am25LS151  provides  an  active-LOW  strobe.  When  the 
strobe  is  HIGH,  the  inverting  output  (W)  is  HIGH  and  the 
non-inverting  output  (Y)  is  LOW. 

The  Am25LS251  features  a  three-state  output  for  data  bus 
organization.  The  active-LOW  strobe,  or  "output  control" 
applies  to  both  the  inverting  and  non-inverting  output. 
When  the  output  control  is  HIGH,  the  outputs  are  in  the 
high-impedance  state.  When  the  output  control  is  LOW, 
the  active  pull-up  output  is  enabled. 

The  Am54LS/74LS1 51  is  a  standard  performance  version  of 
the  Am25LS151.  See  appropriate  electrical  characteristic  tables 
for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


CONNECTION  DIAGRAM 
Top  View 


VCC    Ot      D6     D6      D;      A       B  C 

nnnnnnnn 

16     15      14     13      12      11     10  9 


LOGIC  SYMBOL 


4       3       2       1       15     14      13  12 


2       3       4       5       6       7  8 

uuuuuuuu 

D3      D2      Di      D0      V       W       S  GND 


Note:  Pin  1  is  marked  for  orientation. 


VCC  =  Pin  16 
GND  =  Pin  8 
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Am25LS/54LS/74LS151/251 
Am25LS151  •  Am25LS251 

ELECTRICAL  CHARACTERISTICS    The  Following  Conditions  Apply  Unless  Otherwise 

COM'L       TA  =  0°C  to  +70° C  Vcc  =  5.0V  i  5%         (MIN.  =  4.75V    MAX.  =  5.25V) 

MIL  TA=  -55°Cto+125°C        VCC  =  5.0V±10%        (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1)  Mih. 


Typ. 

(Note  2) 


Max. 


Units 


VOH 

Output  HIGH  Voltage 

LS151XM 

VCC  -  MIN.. 
V|N  ■  V|H  °r  V|L 

I0H  -  -440MA 

2.5 

3.4 

Volts 

LS151XC 

2.7 

3.4 

LS251XM 

Iqh  "  7I  mA 

2.4 

3.4 

LS251  XC 

lOH  "  -2.6mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

'OL  =  4mA 

0.4 

Volts 

Iql  =  8mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1 .5 

Volts 

1 1 1_ 

Input  LOW  Current 

VCG  -  MAX.,  V|N  =  0.4  V 

-0.4 

mA 

>«H 

Input  HIGH  Current 

VCC  ■  MAX-.  VIN  =  2.7V 

20 

MA 

'l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'oz 

Off-State  (High-Impedance) 
Output  Current  (LS251  only) 

VCC=  MAX. 
V|N  =  V|Hor  V|L 

V0  =  2.4V 

20 

uA 

V0  =  0.4V 

-20 

'sc 

Output  Short  Circuit  Curren 
(Note  3) 

t 

VCC  =  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

VCC  -  MAX. 

LS151  (Note  4) 

6.0 

10 

mA 

LS251  (Note  5) 

A 

6.1 

10 

B 

7.1 

12 

Am54LS/74LS151  •  Am54LS/74LS251 

ELECTRICAL  CHARACTERISTICS     The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L        TA  -  0°C  to  +70° C  VCC  -  5.0V  ±  5%  (MIN.  =  4.75V    MAX.  «  5.25V) 

MIL  TA  =  -55°C  to  +125°C         Vcc  =  5.0V  +  10%        (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1 )  Min. 


Typ. 

(Note  2) 


Max. 


vOH 

Output  HIGH  Voltage 

54LS151 

VGC  =  MIN- 
V|N  '  VIH  °r  V|L 

lOH  =  -400mA 

2.5 

3.4 

Volts 

74LS151 

2.7 

3.4 

54LS251 

Iqh  =  -1mA 

2.4 

3.4 

74LS251 

Iqh  =  -2.6mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

All,  Iol  =  4mA 

0.4 

Volts 

74LS  only,  Iql  =  8mA 

0.5 

V,H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

54LS 

0.7 

Volts 

74  LS 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN-  'IN  =  -18mA 

-1.5 

Volts 

'lL 

Input  LOW  Current 

VCC  ■  MAX.,  V|N  =0.4V 

-0.4 

mA 

1 IH 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  2.7V 

20 

fA 

•l 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  -  7.0V 

0.1 

mA 

"oz 

Off-State  (High-Impedance) 
Output  Current  (LS251  only) 

VCC  =  MAX. 
V|N  =  V|Hor  VIL 

V0  =  2.4V 

20 

(*A 

V0  =0.4V 

-20 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-100 

mA 

ice 

Power  Supply  Current 

VCC  =  MAX. 

LS151  (Note  4) 

6.0 

10 

mA 

LS251  (Note  5) 

A 

6.1 

10 

B 

7.1 

12 

For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  davit 
tVp'eat  Ifmfta  are  vcc  -  5.0V,  25"C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
'CC  is  measured  with  all  outputs  open  and  all  inputs  at  4.5V. 

Icc  is  measured  with  all  outputs  open  and  all  data  and  select  inputs  at  4.5V  under  conditions: 
A)  Strobe  grounded.  B)  Strobe  at  4.5V. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired). 


Storage  Temperature 
Temperature  (Ambient)  Under  Bias 


-65  C  to +150  C 


-55°Cto+125°C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5  V  to +7. 0  V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +  Vcc  max. 


DC  Input  Voltage 

DC  Output  Current,  Into  Output 


-0.5V  to  +7.0V 


30mA 


DC  Input  Current 


-30mA  to  +5.0mA 


Am25LS151  •  Am54LS/74LS151 


(TA  =  25°C,  V 
Parameters 

CC=  5.0V) 

Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units        Test  Conditions 

»PLH 

A,  B,  or  C  to  Y;4  Levels  of  Delay 

27 

41 

27 

43 

ns 

CL  =  15pF 
R[_  =  2.0kfi 

IPHL 

20 

30 

18 

30 

«PLH 

A,  B,  or  C  to  W;  3  Levels  of  Delay 

16 

23 

14 

23 

ns 

tPH  L 

22 

32 

20 

32 

'PLH 

Any  D  to  Y 

16 

24 

20 

32 

ns 

<PHL 

1  1 

17 

16 

26 

'PLH 

Any  D  to  W 

7 

12 

13 

21 

ns 

'PHL 

10 

15 

12 

20 

*PLH 

Strobe  to  Y 

22 

33 

26 

42 

ns 

«PHL 

15 

23 

20 

32 

«PLH 

Strobe  to  W 

11 

17 

15 

24 

ns 

tPHL 

16 

24 

18 

30 

Am25LS151  ONLY 

SWITHHINfi  PHiRAPTFRISTirS 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

OVER  OPE 
Parameters 

■RATING  RANGE* 

Description 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°C  to  +125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

lPLH 

A,  B  or  C  to  Y;  4  Levels  of  Delay 

57 

66 

ns 

CL  -  50pF 
R[_  =  2.0kft 

tPHL 

43 

50 

'PLH 

A,  B  or  C  to  W;  3  Levels  of  Delay 

34 

39 

ns 

*PHL 

46 

53 

♦PLH 

Any  D  to  Y 

35 

41 

ns 

lPHL 

26 

30 

*PLH 

Any  D  to  W 

20 

23 

ns 

*PHL 

24 

27 

*PLH 

Strobe  to  Y 

47 

54 

ns 

*PHL 

34 

39 

lPLH 

Strobe  to  W 

26 

30 

ns 

lPHL 

35 

41 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS251  •  Am54LS/74LS251 

Switching  characteristics 


OA  =  25' 


Parameters 


C,  VCC=  5.0V) 


Description 


Min. 


Am25LS 
Typ. 


Max. 


Am54LS/74LS 
Min.      Typ.  Max. 


Units       Test  Conditions 


»PLH 


'PHL 


tPLH 


tPHL 


tPLH 


tPHL 


«PLH 


«PHL 


'ZH 


'ZL 


tZH 


«2L 


A,  B,  or  C  to  Y;4  Levels  of  Delay 


A,  B,  or  C  to  W;  3  Levels  of  Delay 


Any  D  to  Y 


Any  D  to  W 


Output  Enable  to  Y 


Output  Enable  to  W 


29 


20 


16 


30 


14 


18 


29 


28 


17 


24 


45 


45 


33 


28 


15 


27 


40 


CL  = 15pF 
RL  =  2.0kfi 


tHZ 


«LZ 


Output  Enable  to  Y 


18 


30 


«HZ 


tLZ 


Output  Enable  to  W 


CL  =  5.0pF 
RL  =  2.0kfi 


12 


18 


Am25LS251  ONLY 

SWITCHING  CHARACTERISTICS 

OVER  OPERATING  RANGE* 


Parame 


ters 


Description 


Am25LS  COM'L 


TA  =  0°C  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55°C  to  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 


Units    Test  Conditions 


*PLH 


lPHL 


tpLH 


*PHL 


tpLH 


lPHL 


*PLH 


lPHL 


tZH 


tZL 


tZH 


*ZL 


A,  B  or  C  to  Y;  4  Levels  of  Delay 


A,  B  or  C  to  W;  3  Levels  of  Delay 


Any  D  to  Y 


Any  D  to  W 


Output  Enable  to  Y 


Output  Enable  to  W 


61 


43 


46 


35 


26 


20 


29 


24 


27 


71 


50 


41 


53 


41 


30 


23 


26 


23 


33 


27 


32 


CL  =  50pF 
R[_  =  2.0kn 


tHZ 


*LZ 


Output  Enable  to  Y 


35 


41 


24 


27 


tHZ 


tLZ 


Output  Enable  to  W 


38 


44 


CL  =  5.0pF 
R[_  =  2.0kn 


24 


27 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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FUNCTION  TABLE 


INPUTS 


SELECT 
C     B  A 


H  =  HIGH 
L  «  LOW 


LS151 
Strobe 
S 


LS251 
Output 
Control 
S 


OUTPUTS 


LS151 
Output 
Y  W 


D1 

D2 

D3 
D4 

05 
D6  D6 
D7  D7 


H 

D0 
°1 
D2 

D3 
D4 
°5 


LS251 
Output 
Y  W 


°1 
°2 
03 
D4 

D5 


D1 

D2 

°3 
D4 

D5 
D6 


X  =  Don't  Care 

Z  =  High  Impedance 


D0-D7  =The  output  will  follow  the  HIGH-level  or  LOW-level  of 
the  selected  input. 

D0-D7  =  The  output  will  follow  the  complement  of  the  HIGH- 
level  or  LOW-level  of  the  selected  input. 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B,  C  The  three  select  inputs  of  the  multiplexer. 
D0,  D,,D2,  D3, 

D4,  D5,  Dg,  D7     The  eight  data  inputs  of  the  multiplexer. 

Y  The  true  multiplexer  output. 

W  The  complement  multiplexer  output. 

S  Strobe.  On  the  Am25LS151,  a  HIGH  on  the  strobe 

forces  the  Y  output  LOW  and  the  W  output  HIGH. 

S  Output  Control.  On  the  Am25LS251,  a  HIGH  on  the 

output  control  (or  strobe)  forces  both  the  W  and  Y  outputs 

to  the  high-impedance  (off)  state. 


Am25LS«  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Note:  Actual  current  flow  direction  shown. 
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APPLICATIONS 
LOGIC  FUNCTION  GENERATION 


1 

D0     D,     D2     D3     D<     D5     D6  D; 


W  V 


"1 


Z  =  ABCD  +  ABCD  +  ACD  +  AB  +  ACD  +  BCD 


32-INPUT  MULTIPLEXER 


Aq- 

Al  - 
A2  . 
A3  — 1 
A4  . 


S    Do  Di  03  O3  D4  D5  De  D7 

'LS251 
8-INPUT  MULTIPLEXER 


S   D0  Di         D3  O4  D5  D6  D7 

*  'LS251 

8-INPUT  MULTIPLEXER 


S    Do  D;   D;  D3  D4  Ds  D7 

'LS251 
„      8-INPUT  MULTIPLEXER 


S  Dj  0|   Oj  D3  O4  Ds  Dg  Dj  I 

'LS251  ] 
■I      8-INPUT  MULTIPLEXER  | 


MULTIPLEXER  OUTPUT 


MULTIPLEXER  OUTPUT 
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Am25LS1 53  •  Am54LS/74LS1 53 
Am25LS253  •  Am54LS/74LS253 

Dual  4-Line  To  1-Line  Data  Selectors/Multiplexers 


DISTINCTIVE  CHARACTERISTICS 

•  Performs 

•  Standard 

•  Am25LS 


serial  to  parallel  conversion 

,  'LS153,  and  three-state,  'LS253,  output  versions 
devices  offer  the  following  improvements  over 


Am54/74LS 

-  Higher  speed 

-  50m V  lower  Vol 

-  Twice  the  fan-out  over  military  range 

-  440>A  source  current 

100%  product  assurance  screening  to  Ml L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

These  dual  four-input  multiplexers  provide  the  digital 
equivalent  of  a  two-pole,  four  posi  tion  switch  with  the  posi- 
tion of  both  switches  set  by  the  logic  levels  supplied  to 
the  select  inputs  A  and  B.  Each  section  of  the  Am25LS153 
has  a  separate  active-LOW  enable  (strobe)  input  that  forces 
the  output  of  that  section  LOW  when  a  HIGH  level  is 
applied  regardless  of  the  other  inputs. 
The  Am25LS253  features  a  three-state  output  to  inter- 
face with  bus-organized  systems.  Each  section  of  the 
Am25LS253  has  a  separate  active-LOW  output  control 
that  disables  the  output  driver  (high-impedance  state)  of 
that  section  when  a  HIGH  logic  level  is  applied  regardless 
of  the  other  inputs. 

The  Am54LS/74LS153  and  253  are  standard  performance 
versions  of  the  Am25LS1 53  and  253.  See  appropriate  electri- 
cal characteristic  tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


G  »  Strobe  on  'LS153 

G  =  Output  Enable  on  'LS253 


CONNECTION  DIAGRAM 
Top  View 


Vcc    2G     A     2C3  2C2  2C1    2C0  2Y 

nnnnnnnn 

16     15     14     13     12      11      10  9 


1       2       3       4       5       6       7  8 


uuuuuuuu 

1G      B      1C3    1C2    1CT    ICO    1Y  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


6       5       4  3 


10      11      12  13 


1C0    1C1    1C2    1C3       2C0    2C1    2C2  2C3 


!G       OATA  1 
A  SELECT 
B  SELECT 
26  OUTPUT 


VCC  =  Pin  16 
GND  =  Pin  8 
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Am25LS/54LS/74LS153/253 
Am25LS153«  Am25LS253 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

TA=0°Cto+70°C  VCC  =  S.0V±5%  (MIN.  =  4.75V 

TA= -55°Cto+125°C        VCC  =  5.0V  ±  10%        (MIN.  =  4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  D 


COM'L 
MIL 


MAX.  =  5.25V) 
MAX.  =  5.50V) 


Min. 


Typ.lNote  2) 


Max. 


Units 


v0 

H 

Output  HIGH  Voltage 

LS153XM 

Vcc  =  MIN-. 
V|N  =  V|HorV1L 

l0H  -  -440uA 

2.5 

3.4 

Volts 

LS153XC 

2.7 

3.4 

LS253XM 

lOH  =  -1mA 

2.4 

3.4 

LS253XC 

lOH  "  -2.6mA 

2.4 

3.2 

Vo 

Output  LOW  Voltage 

Iql  =  4r"A 

0.4 

Volts 

Iql  =  8mA 

0.45 

VIH 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V,L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  ■  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

Vcc  =  MAX.,  V|n  =  0.4V 

-0.36 

mA 

'IH 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

20 

ma 

"l 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'OZ 

Off -State  (HIGH  Impec 
Output  Current 
Am25LS253  Only 

lance) 

Vq  "  2.4V 

20 

MA 

Vcc  ■  MAX 

Vq  -  0.4V 

-20 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  -  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  "  MAX. 
(Note  4) 

LS153 

6.2 

10 

mA 

LS253 

7 

12 

For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  V^c  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Mot  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  'cc  is  measured  with  all  outputs  open  and  all  inputs  grounded. 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply 


Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5  V  to +7.0  V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5  V  to  +Vcc  max. 


DC  Input  Voltage 


-0.5  V  to  +7.0  V 


DC  Output  Current,  Into  Outputs 
DC  Input  Current 


30  mA 
to  +5.0  mA 


DEFINITION  OF  FUNCTIONAL  TERMS 

ICj,  2Cj  Data  Inputs.  The  four  data  inputs  to  each  multi- 
plexer; i  =  0,  1,  2,  and  3. 

1Y,  2Y  Multiplexer  Outputs.  The  output  of  each  four-input 
multiplexer. 

A,  B  Select  Inputs.  The  inputs  used  to  determine  which  of 
the  four  data  inputs  are  selected  for  the  output. 

G  (Am25LS153)  Strobe.  An  active-LOW  strobe  used  to  enable 
the  output.  A  HIGH  level  input  forces  the  output  LOW 
regardless  of  the  other  inputs. 

G  (Am25LS253)  Output  Control.  An  active-LOW  three-state 
control  used  to  enable  the  output.  A  HIGH  level  input  forces 
the  output  to  the  high-impedance  (off)  state. 


 L 


FUNCTION  TABLE 


Select 


H  H 
H  H 


INPUTS 




C0     C!     C2  C3 


LS153 
Strobe 


LS253 
Output 
Control 


OUTPUTS 


LSI  53 
Output 


LS253 
Output 


H  =  HIGH  L  =  LOW  X  =  Don't  Care  Z  =  High  Impedance 
Note:  A  &  B  are  common  to  both  4  input  multiplexers. 
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Am54LS/74LS153  •  Am54LS/74LS253 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C  Vcc  =  5.0V  ±  5%  (MIN.  =  4.75V  MAX.  =  5.25V) 

MIL  TA=-55°Cto+125°C        VCC  =  5.0V  ±  10%        (MIN.  =  4.50V  MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  D 


V0H 

Output  HIGH  Voltage 

54LS153 

Vcc  =  MIN- 
V|N  =  V|HorV|L 

lOH  =-400wA 

2.5 

3.4 

Volts 

74LS153 

2.7 

3.4 

54LS253 

Iqh  "  -1mA 

2  4 

3.4 

74LS253 

l0H  "  -2.6m/ 

2.4 

3.2 

vol 

Output  LOW  Voltage 

All,  lOL  =  4mA 

0.4 

Volts 

74LSonly,lOL  =  8mA 

0.5 

VIH 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

v  olts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW  ft/ 
voltage  for  all  inputs 

54LS 

0.7 

Volts 

74  LS 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  -  MIN.,  V|N  =  -18mA 

-1.5 

Volts 

l|L 

Input  LOW  Current 

VCC  -  MAX.,  V|N  =0.4V 

-0.36 

mA 

■tM 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

20 

"A 

'l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'OZ 

Off -State  (HIGH  Imper 
Output  Current 
Am54LS/74LS253  On 

ance) 

V0  1  2.4V 

20 

uA 

V 

VCC  =  MAX. 

V0  s  0.4V 

-20 

isc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX- 

-15 

-100 

mA 

'CC 

Power  Supply  Current 

VCC  =  MAX. 
(Note  4) 

LS153 

6.2 

10 

mA 

LS253 

7 

12 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second 

4.  Ice  is  measured  with  all  outputs  open  and  all  inputs  grounded. 


Min.         Typ.(Note2)         Max.  Units 


Am25LS153/54LS153 


SWITCHING 

(TA  =  +25°  C, 

Parameters 


CHARACTERISTICS 

VCC  =  5.0V) 


Description 


Min. 


Am25LS 
Typ. 


Max. 


Am54LS/74LS 
Min.         Typ.  Max. 


Units 


Test  Conditions 


«PLH 


«PHL 


tPLH 


*PHL 


tPLH 


«PHL 


Data  to  Output 


Select  to  Output 


Strobe  to  Output 


10 


10 


16 


29 


10 


17 


15 


26 


C|_  =  15pF 
R[_  =  2.0  kf! 


Am25LS153  0NLY 

SWITCHING  CHARACTERISTICS 

OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  OX  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55X  to  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tPLH 

Data  to  Output 

24 

27 

ns 

CL  =  50pF 
RL  -  2.0kn 

*PHL 

25 

29 

*PLH 

Select  to  Output 

42 

48 

ns 

*PHL 

34 

39 

*PLH 

Strobe  to  Output 

35 

41 

ns 

*PHL 

28 

32 

*AC  performance  over  the  operating  temperature  range,  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS253/54LS253 
SWITCHING  CHARACTERISTICS 


(TA  =  +25  C,  Vcc=  5.0V) 
Parameters  Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units               Test  Conditions 

<PLH 

Data  to  Output 

10 

15 

17 

25 

ns 

CL  = 15pF 
R[_  =2.0kH 

tPHL 

7 

12 

13 

20 

tPLH 

Select  to  Output 

20 

30 

30 

45 

ns 

tPHI 

15 

23 

21 

32 

»ZH 

Output  Control  to  Output 

17 

25 

15 

28 

ns 

tZL 

12 

18 

15 

23 

«HZ 

Output  Control  to  Output 

12 

18 

27 

42 

ns 

CL  =  5.0pF 
RL  =  2.0kn 

«LZ 

13 

18 

18 

27 

Am25LS253  ONLY 

SWITCHING  CHARACTERISTICS 

OVER  OPERATING  RANGE* 


Parameters 


Description 


Am25LS  COM'L 


TA  =  0°C  to  +70°C 
VCc  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55°C  to  +  125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 


Units    Test  Conditions 


tpLH 


tpHL 


tPLH 


*PHL 


tZH 


tZL 


24 


Select  to  Output 


Output  Control  to  Output 


43 


34 


37 


28 


23 


50 


39 


42 


32 


CL  =  50pF 
RL  =  2.0kO 


tHZ 


*LZ 


Output  Control  to  Output 


28 


32 


28 


32 


CL  =  5.0pF 
RL  =  2.0k« 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Am25LS  •  54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


'LS153 
STANDARD  OUTPUT 


'LS253 
THREE-STATE  OUTPUT 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Vcc 


DRIVING  OUTPUT 


DRIVEN  INPUT 


'OH    I  'IL 


Note:  Actual  current  flow  direction  shown. 


Am25LS/54LS/74LS153/253 


APPLICATIONS 


WORD  A  WOROB 


A2A3A4A  1B2B3B4B 
'LS257 

IY        2Y         3Y  4Y 


ICO   1C1    1C2    1C3       2C0   2C1    2C2  2C3 


ICO   1C1    1C2    1C3       2C0   2C1    2C2  2C3 


'LS253  DUAL  4-INPUT  MULTIPLEXER  IN  A  BUS-ORGANIZED  SYSTEM 


Metallization  and  Pad  Layout 


'LS153 


'LS253 


1C3  3  - 

1C2  4- 

1C1  5- 

1O0  6- 


'  a  i 


- 14  A 

13  2C3 

12  2C2 

n  2Ci 

10  2C0 


1C3 
1C2 


DIE  SIZE  0.055"  X  0.055" 


DIE  SIZE  0.055"  X  0.055" 
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Am25LS1 57  •  Am54LS/74LS1 57 
Am25LS1 58  •  Am54LS/74LS1 58 

Quadruple  2-Line  To  1-Line  Data  Selectors/Multiplexers 


DISTINCTIVE  CHARACTERISTICS 

•  Selects  four  of  eight  data  inputs  with  single  select  line  and 
overriding  strobe 

•  Inverting  'LS158  and  Non-inverting  'LS157  configurations 

•  Standard  TTL  outputs 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440/jA  source  current  at  HIGH  output 

•  1 00%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

These  data  selectors/multiplexers  are  used  to  select  a  4-bit 
word  from  one  of  two  sources.  The  four  outputs  at  the 
Am25LS157  present  true  data  with  respect  to  the  input 
data.  The  four  outputs  of  the  Am25LS158  present  inverted 
data  with  respect  to  the  inputs  and  also  minimize  propaga- 
tion delay.  A  common  active-HIGH  strobe  (active-LOW 
enable)  is  provided  on  all  devices. 

A  single  select  line,  S,  is  used  to  select  one  of  the  two 
multiplexer  input  words.  When  the  select  is  LOW,  the  A 
input  word  is  present  at  the  output.  When  the  select  is 
HIGH,  the  B  input  word  is  present  at  the  output. 

The  Am54LS/74LS157  and  158  are  standard  performance 
versions  of  the  Am25  LS1 57  and  1 58.  See  appropriate  electrical 
characteristic  tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAMS 


Am25LS157 
Am54LS/74LS157 


Am25LS158 
Am54LS/74LS158 


151 


3A  J32  


^> — 


CONNECTION  DIAGRAMS 
Top  Views 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


2     3     5     6    11    10   14  13 


2     3     5     6    11    10   14  13 


1A  IB  2A  2B  3A  3B  4A  4B 

5 

'LS157 

G 

1Y         2Y         3Y  4Y 


12 


1A  IB  2A  2B  3A  3B  4A 

I 

•LS158 


f         f         f  f 


Vcc  =  Pin  16 
GND  =  Pin  8 
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Am25  LS/54LS/74LS1 57/1 58 


Am25LS157  •  Am25LS158 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L        Ta  =  0°C  to +70°C  Vcc  =  S.OV  ±  5%  IMIN.  =  4.75V 

MIL  TA=-55°Cto+125°C        Vcc  =  5.0V  ±  10%        (MIN.  =  4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


MAX.  *  5.25V) 
MAX.  =  5.50V) 


Parameters 

Description                          Test  Conditions  {Note  1)                  Min.       Typ.(Note2)       Max.  Units 

VOH 

( 

)utput  HIGH  Voltage 

Vcc  =  MIN.,  I0H  "  -440uA 
vIN=v|HorV|L 

MIL 

2.5 

1  A 
J.I 

Volts 

COM'L 

2.7 

3.4 

vol 

( 

)utput  LOW  Voltage 

VCC  =  MIN. 

V|N  =  Vmor  V|L 

'OL  4mA 

0.4 

Volts 

Iql  =  8mA 

0.45 

V|H 

1 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =-18mA 

-1.5 

Volts 

'  1 1_ 

1 

nput  LOW  Current 

VCC  =  MAX..  V|N=  0.4V 

S  or  G 

-0.36 

mA 

A  or  B 

-0.4 

l|H 

1 

nput  HIGH  Current 

VCC  =  MAX.,V|N  =  2.7V 

S  or  G 

20 

MA 

A  or  B 

20 

'l 

nput  HIGH  Current 

Vcc  =  MAX.,  V!N  =  7.0V 

S  or  G 

0.1 

mA 

A  or  B 

0.1 

isc 

C 
( 

Jutput  Short  Circuit  Current 
Note  3) 

Vcc  =  MAX. 

-15 

-85 

mA 

'cc 

F 

'ower  Supply  Current 

VCC  =  MAX. 
(Note  4) 

LS157 

9.7 

16 

mA 

LS158 

4.8 

8 

Notes:  1. 
2. 
3. 
4. 


For  cond 
Typicaf 
Not 
'CC  ^ 


iitions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type, 
limits  are  at  Vqq  =  5.0V,  25°  C  ambient  and  maximum  loading. 

re  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second, 
measured  with  all  outputs  open  and  4.5V  applied  to  all  inputs. 


Am54LS/74LS157  •  Am54LS/74LS158 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       Ta  r  0°C  to  +70°C  Vcc  =  5.0V  ±  5%  (MIN.  =  4.75V    MAX.  = 

MIL  TA  =  -55°C  to  +125°C        Vcc  ="  5.0V  ±  10%        (MIN.  =  4.50V    MAX.  = 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


5.25V) 
5.50V) 


Min. 


Typ.lNote  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN-.  lOH  °  -400mA 
V|N  =V|Hor  V|L 

Am54LS 

2.5 

3.4 

Volts 

Am74LS 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN- 

V|N  =  V|H  or  V|L 

All,  l0L  =  4mA 

0.4 

Volts 

74LS  only,  Iql  =  8mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

Am54LS 

0.7 

Volts 

Am74LS 

0.8 

V| 

nput  Clamp  Voltage 

VCC=  MIN.,  I|M  =-18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  =  MAX.,  VIN  =0.4V 

S  or  G 

-0.8 

mA 

A  or  B 

-0.4 

■IH 

Input  HIGH  Current 

VCC"MAX.,V|N  =2.7V 

S  or  G 

40 

CA 

A  or  B 

20 

'1 

Input  HIGH  Current 

VCC  =  MAX.,  VIN  "  7  0v 

S  or  G 

0.2 

mA 

A  or  B 

0.1 

•sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-100 

mA 

•cc 

Power  Supply  Current 

Vcc  =  MAX. 
(Note  4) 

LS157 

9.7 

16 

mA 

LS158 

4.8 

8 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics 

2.  Typical  limits  are  at  Vqq  -  5.0  V,  25° C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed 

4.  'cc  is  measured  with  all  outputs  open  and  4.5V  applied  to  all  inputs. 


for  the  applicable  device  type, 
one  second. 
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Am25LS/54LS/74LS157/158 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5  V  to  +7.0  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30mA  to  +5. 0mA 

Am25LS157»  Am54LS/74LS157 
Am25LS158»  Am54LS/74LS158 


ta  =  +: 

5°C,  Vcc  =  5.0V) 

Am25LS 

Am54LS/74LS 

Paramet 

;rs 

Description 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

*PLH 

Data  to  Output 

LSI  57 

8 

12 

9 

14 

ns 

LSI  58 

5 

9 

7 

12 

tPH  L 

Data  to  Output 

LS157 

8 

12 

9 

14 

ns 

LS158 

7 

11 

7 

12 

'PLH 

Strobe  to  Output 

LS157 

12 

18 

13 

20 

ns 

LS158 

8 

12 

11 

17 

CL  f  15pF 

tPHL 

Strobe  to  Output 

LS157 

10 

16 

14 

21 

ns 

R|_  =  2.0k£2 

LS158 

11 

17 

12 

18 

•PLH 

Select  to  Output 

LS157 

15 

23 

15 

23 

ns 

LS158 

13 

20 

13 

20 

«PHL 

Select  to  Output 

LS157 

14 

21 

18 

27 

ns 

LS158 

14 

21 

16 

24 

Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 


Parameters 


Description 


Am25LS  COM'L 


TA  =  OX  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55°Cto  +  125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 


Units    Test  Conditions 


*PLH 


*PHL 


*PLH 


tPH 


tpLH 


*PHL 


Data  to  Output 


Data  to  Output 


Strobe  to  Output 


Strobe  to  Output 


Select  to  Output 


Select  to  Output 


LS157 


LS158 


LS157 


LS158 


LS157 


LS158 


LS157 


LS158 


LS157 


LS158 


LS157 


LS158 


20 


16 


20 


28 


25 


26 


34 


30 


31 


31 


23 


23 


21 


32 


29 


30 


35 


36 


36 


CL  =  50pF 
RL  =  2.0kO 


*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


DEFINITION  OF  FUNCTIONAL  TERMS 

IA,  2A,  3A,  4A  The  data  inputs  for  the  4-bits  of  the  A  word. 

IB,  2B,  3B,  4B  The  data  inputs  for  the  4-bits  of  the  B  word. 
1Y,  2Y,  3Y,  4Y  The  four  outputs  of  the  multiplexer.  The 
input  data  is  inverted  at  the  output. on  the  Am25LS158  and 
non-inverted  at  the  output  for  the  Am25LS1 57. 

G  Strobe.  When  the  strobe  is  HIGH,  the  four  outputs  of  the 
Am25LS1 57  are  LOW  and  the  outputs  of  the  Am25LS1 58  are 
HIGH.  When  the  strobe  is  LOW,  the  devices  are  enabled  to 
pass  data. 

S  Select.  When  the  select  input  is  LOW,  the  A  word  is  present 
at  the  output.  When  the  select  input  is  HIGH,  the  B  word  is 
present  at  the  output. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Strobe 

Select 

Data 

Data 

LS157 

LS158 

G 

S 

A 

B 

Y 

Y 

H 

X 

X 

X 

L 

H 

L 

L 

L 

X 

L 

H 

L 

L. 

H 

X 

H 

L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

H 

L 

X  -  Don't  Care 
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Am25LS/54LS/74LS157/158 


APPLICATION 


A        B        C  D 


fl 


1        2        3        4        5         6  7 


FUNCTION  TABLE 


-3  '-2  '-1  'o  '1  '2  '3 
I- 

|  Am25S10 

Y0  Vt  Y2  V3 


15  14 


1        2       3       4       5       6  7 


-3    '-2    '-1     lO      '1       '2  '3 
Am25S10 


15  14  12  11 


2      3  5 


11      10     14  13 


1A      IB     2A     2B     3A     3B     4A  4B 
Am25LS157 

1Y  2Y  3Y  4Y 


State 
N  umber 

«4 

s3 

Select 
S2 

s1 

So 

w 

Output 
X  Y 

z 

0 

0 

0 

0 

0 

0 

A 

C 

B 

D 

1 

0 

0 

0 

0 

! 

0 

B 

A 

C 

2 

0 

0 

0 

1 

0 

c 

A 

D 

B 

3 

0 

0 

0 

1 

1 

B 

D 

C 

A 

4 

0 

0 

1 

0 

0 

D 

A 

C 

B 

5 

0 

0 

1 

0 

1 

c 

D 

B 

A 

6 

0 

0 

1 

1 

0 

B 

C 

A 

D 

7 

0 

0 

1 

1 

1 

A 

B 

D 

C 

8 

0 

1 

0 

0 

0 

B 

□ 

A 

C 

9 

0 

1 

0 

0 

1 

A 

C 

D 

B 

10 

0 

1 

0 

1 

0 

D 

B 

C 

A 

11 

0 

1 

0 

1 

1 

C 

A 

B 

D 

12 

0 

1 

1 

0 

0 

C 

B 

D 

A 

13 

0 

1 

1 

0 

1 

B' 

A 

C 

D 

14 

0 

1 

1 

1 

0 

A 

D 

B 

C 

15 

0 

1 

1 

1 

1 

D 

C 

A 

B 

16 

1 

0 

0 

0 

0 

State  9 

17 

1 

0 

0 

0 

1 

State  10 

18 

1 

0 

0 

1 

0 

State  1 1 

19 

1 

0 

0 

1 

1 

State  8 

20 

1 

0 

1 

0 

0 

D 

A 

B 

C 

21 

1 

0 

1 

0 

1 

C 

D 

A 

B 

22 

1 

0 

1 

1 

0 

B 

C 

D 

A 

23 

1 

0 

1 

1 

1 

A 

B 

C 

D 

24 

1 

1 

0 

0 

0 

State  3 

25 

1 

1 

0 

0 

1 

State  0 

26 

1 

1 

0 

1 

0 

State  1 

27 

1 

1 

0 

1 

1 

State  2 

28 

1 

1 

1 

0 

0 

C 

B 

A 

D 

29 

1 

1 

1 

0 

1 

B 

A 

D 

C 

30 

1 

1 

1 

1 

0 

A 

D 

C 

B 

31 

1 

1 

1 

1 

1 

D 

C 

B 

A 

I        I        I  I 

W  X  V  2 

Two  Am25S10  four-bit  shifters  are  used  in  conjunction  with  an  Am25LS157  multiplexer  to  perform  all 
possible  permutations  on  four  inputs.  The  number  of  combinations  possible  on  n  items  is  given  as  n!. 
Thus,  for  n  equal  to  4,24  combinations  are  possible.  The  Function  Table  shows  all  32  combinations  of  the 
5-bit  select  code  including  the  8  redundant  states.  This  connection  can  be  particularly  useful  in  security 
systems  and  certain  random  number  generation  schemes.  The  eight  redundant  states  can  be  placed  at  other 
select  field  locations  through  proper  design. 


Am25LS157 
Am54LS/74LS157 


Metallization  and  Pad  Layouts 


Am25LS158 
Am54LS/74LS158 


1A  2  - 

1B  3  - 

1Y  4  - 

2A  5  - 


■  14  4A 
.  13  48 


12  4Y 
11  3A 


GND 

DIE  SIZE  0.057"  X  0.057" 


GND 

DIE  SIZE  0.057"  X  0.057" 
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Am25LS1 60A/1 61  A/1 62A/1 63A 
Am54LS/74LS1 60A/1 61  A/1 62  A/1 63A 


Synchronous  Four-Bit  Counters 


DISTINCTIVE  CHARACTERISTICS 

Synchronous  presettable  counters 

Decade  ('LS160A  and  'LS162A)  and  binary  ('LS161Aand 
LS163A)  counters 

Asynchronous  ('LS160A  and  'LS161A)  and  synchronous 
CLS162A  and  'LS163A)  clear  inputs 

Am25LS  devices  offer  the  following  improvements  over 
Am  54/74  LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 
440juA  source  current 

100%  product  assurance  screening  to  MIL-STD-883 
equirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS160A,  Am25LS161A,  Am25LS162A  and 
Am25LS163A  synchronous,  presettable  counters  have  inter- 
nal look-ahead  carry  and  ripple  carry  output  for  high-speed 
counting  applications.  The  Am25LS160A  and  Am25LS162A 
are  decade  counters  and  the  Am25LS1 61 A  and  Am25LS1 63A 
are  4-bit  binary  counters.  Counting  or  loading  occurs  on  the 
positive  transition  of  the  clock  pulse.  A  LOW  level  on  the 
load  input  causes  the  data  on  the  A,  B,  C  and  D  inputs  to  be 
shifted  to  the  appropriate  Q  outputs  on  the  next  positive 
clock  transition.  The  load  need  meet  only  the  set-up  and 
hold  time  requirements  with  respect  to  the  clock. 

Th|e  Am25LS160A  and  the  Am25LS161A  feature  an  asyn- 
chronous clear.  A  LOW  level  at  the  clear  input  sets  the  Q 
outputs  LOW  regardless  of  the  other  inputs.  The  Am25LS 
162A  and  Am25LS163A  have  a  synchronous  clear.  A  LOW 
level  at  the  clear  input  sets  the  Q  outputs  LOW  after  the  next 
positive  clock  transition  regardless  of  the  enable  inputs. 

Both  count-enable  inputs  P  and  T  must  be  HIGH  to  count. 
Count  enable  T  is  included  in  the  ripple  carry  output  gate  for 
cascading  connection.  The  enable  P  or  T  inputs  need  meet 
only  the  set-up  and  hold  time  requirements  with  respect  to 
the  clock. 

The  Am54LS/74LS160A  series  are  standard  performance 
versions  of  the  Am25LS160A  series  counters.  See  appro- 
priate electrical  characteristic  tables  for  detailed  Am25LS 
improvements. 


LOGIC  DIAGRAMS 


Am25LS160A  Synchronous  Decade  Counter 


Am25LS162A  synchronous  decade  counters  are  similar;  how- 
ever, the  clear  is  synchronous  as  shown  for  the  Am25LS163A 
binary  counters. 


Am25LS163A  Synchronous  Binary  Counter 


Am25LS161A  synchronous  binary  counters  are  similar;  how- 
ever, the  clear  is  asynchronous  as  shown  for  the  Am25 LS1 60A 
decade  counters. 


CONNECTION  DIAGRAM 
Top  View 

CARRY 
OUTPUT 

vcc        oA   °b   °c  qd  en  t  load 

nnnnnnnn 

16      15      14      13      12      11      10  9 


LOGIC  SYMBOL 


1       2       3       4       5       6       7  8 

uuuuuuuu 

CLR    CP     A       B       C       D    EN  P  GND 


Note:  Pin  1  is  marked  for  orientation. 


A  3 

c 

D 

LOAD 

EN  P 

10  

EN  T 

CARRY 

2  

>  CP 

OUTPUT 

1—0 

CLRoA  Qb 

o-c 

Vcc  =  P'n  16 
GND  =  Pin  8 


Am25LS160A,  161A,  162A  and  163A 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C  Vcc  =  5.0V  *  5%  (MIN.  =  4.75V    MAX.  =  5.25V) 

MIL  TA  «  -55°C  to +125°C        Vcc  =  5.0V  t  10%        (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 
Parameters  Description  Test  Conditions  (Note  1) 


Am25LS/54LS/74LS160A/161A/162A/163A 


Min.  Typ.(Note2) 


Max. 


Units 


V0H 

Ol 

tput  HIGH  Voltage 

Vcc  =  MIN-  'OH  =  -440uA 
V|N  -  V|H  or  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

Vol 

Ol 

tput  LOW  Voltage 

Vcc  =  MIN- 

V|N  =  V|H  or  V|L 

'OL  =  4.0mA 

0.25 

0.4 

Volts 

Iql  =  8.0mA 

0.35 

0.45 

V|H 

In 

)ut  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage  for  all  inputs 

2.0 

Volts 

VlL 

..     i  r\\m  i  j 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

mpui  lvj¥v  Level 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC=  MIN.,  I|N  =  -18mA 

—1.5 

Volts 

'  1 1_ 

In 

3ut  LOW  Current 

VCC  =  MAX.,  V,N  =  0.4V 

A,  B,  C,  D,  EN  P,  CP 

-0.4 

mA 

Load,  EN  T 

-0.8 

Clear  '160A.  '161A 

—0.4 

Clear  '162A,  '163A 

-0.4 

l|H 

In 

DUt  HIGH  Current 

VCC  -  MAX.,  V|N  =  2.7V 

A,  B,  C,  D,  EN  P,  CP 

20 

tiA 

Load,  EN  T 

40 

Clear  '160A,  '161A 

20 

Clear  '162A,  '163A 

20 

'I 

In 

3ut  HIGH  Current 

Vcc  "  MAX.,  V|N  =  7.0V 

A,  B,  C,  D,  EN  P,  CP 

0.1 

mA 

Load,  EN  T 

0.2 

Clear  '160A,  '161A 

0.1 

Clear  '162A,  '163A 

0.1 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

'CCH 

Power  Supply  Current 
All  Outputs  HIGH 

Vcc  =  MAX.  (Note  4) 

18 

31 

mA 

'CCL 

Power  Supply  Current 
All  Outputs  LOW 

Vcc  =  MAX.  (Note  5) 

19 

32 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  E  lectrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VqO  ~  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  teen  is  measured  with  the  load  input  HIGH,  then  again  with  the  load  input  LOW,  with  all  other  inputs  HIGH  and  all  outputs  open. 
5-  'CCL  is  measured  with  the  clock  input  HIGH,  then  again  with  the  clock  input  LOW,  with  all  other  inputs  LOW  and  all  outputs  open. 


MAXIMUM 

RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature 

-65°Cto  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Curr 

ent 

-30  mA  to  +5.0  mA 
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Am25  LS/54  LS/74  LS 1 60  A/ 1 61  A/ 1 62  A/1 63  A 

Am54LS/74LS160A,  161A,  162A  and  163A 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 
COM'L       TA  =  0°C  to  +70°C  Vcc  -  5.0V  ±  5%  (MIN 

MIL  TA  =  ~55°C  to +125°C        Vcc  -  5.0V  ±  10% 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


4.75V 
(MIN.  =  4.50V 


MAX. 
MAX. 


(  5.25V) 
=  5.50V) 


Parameters 

Description 

Test  Conditio 

ns  (Note  1) 

Min. 

Typ. (Note  2) 

Max. 

Units 

VOH 

uutput  niun  voltage 

Vcc  =  MIN.,  Iqh  "  -400juA 

MIL 

2.5 

3.4 

Volts 

V|N  "  VIH  °'  VIL 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  -  MIN. 

All,  Iol  ■  4mA 

0.25 

0.4 

Volts 

V|N  =  V|HorV|L 

74LSonly,l0|_  =  8mA 

0.35 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VcC  =  MIN.,  I|M  =  -18mA 

-1.5 

Volts 

A,  B,  C,  D,  EN  P 

-0.4 

'IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N- 0.4V 

Load,  EN  T,  CP 

-0.8 

m  A 

Cleai  '160A,  '161  A 

-0.4 

Clear  '162A,  '163A 

-0.8 

A,  B,  C,  D,  EN  P 

20 

l|H 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  2.7V 

Load,  CP,  EN  T 

40 

MA 

Clear  '160A,  '161 A 

20 

Clear  '162A,  '163A 

40 

A,  B,  C,  D,  EN  P 

0.1 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

Load,  CP,  EN  T 

0.2 

mA 

1) 

Clear  '160A,  '161 A 

0.1 

Clear  '162A,  '163A 

0.2 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VcC  =  MAX. 

-15 

-100 

mA 

<CCH 

Power  Supply  Current 
All  Outputs  HIGH 

VCC  =  MAX.  (Note  4) 

18 

31 

mA 

'CCL 

Power  Supply  Current 
All  Outputs  LOW 

VCC  =  MAX.  (Note  5) 

19 

32 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MA X.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  appl icable  device  type. 

2.  Typical  limits  are  at  V(;c  -  5.0  V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
'CCH  is  measured  with  the  load  input  HIGH,  then  again  with  the  load  input  LOW,  with  all  other  inputs  HIGH  and  all  outputs  open. 

5-  'CCL  is  measured  with  the  clock  input  HIGH,  then  again  with  the  clock  input  LOW,  with  all  other  inputs  LOW  and  all  outputs  open. 
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Am25LS/54LS/74LS160A/161A/162A/163A 


SWITCHINC 

(Ta  =  +25°  C, 

Parameters 

CHARACTERISTICS 

VCC=  5.0V) 

Description 

Am25LS 
Mirt.     Typ.  Max. 

Am54LS/74LS 
Min.     Typ.  Max. 

Units       Test  Conditions 

*PLH 

Clock  to  Carry  Output 

20 

30 

20 

35 

ns 

C|_  =  15pF 
RL  -  2.0k« 

tPH  L 

18 

28 

18 

35 

'PLH 

Clock  to  Q  Output  with  Load  Input  HIGH 

10 

18 

13 

24 

ns 

'PHL 

12 

20 

18 

27 

'PLH 

Enable  T  to  Carry  Output 

S 

14 

9 

14 

ns 

*PHL 

8 

14 

9 

14 

«PLH 

Clock  to  Q  Output  with  Load  Input  LOW 

10 

18 

13 

24 

ns 

'PHL 

12 

20 

18 

27 

«PHL 

Clear  to  Q  Output  (Note  1 ) 

18 

28 

20 

28 

ns 

tpw 

Pulse  Width 

Clock 

25 

25 

ns 

Clear 

20 

20 

«s 

Set-up  Time 

Data  -  A,  B,  C,  D 

20 

20 

ns 

Enable  P 

20 

20 

Load,  Enable  T 

20 

20 

Clear  (Note  2) 

20 

20 

*h 

Hold  Time  —  Any  Input 

3 

3 

ns 

fmax(Note3 

Maximum  Clock  Frequency 

35 

50 

25 

32 

MHz 

Notes:  1 .  Measured  from  clear  input  on  'LS160A  and  'LS161  A.  Measured  from  clock  input  on  'LS162A  and  'LS163A. 

2.  Appl  es  to  'LS162A  and  'LS163A  only. 

3.  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
pulse  width  or  duty  cycle. 


Am25LS  OI" 
SWITCHINC 
OVER  OPE 

Parameters 

OLY 

3  CHARACTERISTICS 
RATING  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =     55°C  to  +  125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tpLH 

Clock  to  Carry 

Output 

43 

50 

ns 

CL  =  50pF 
R[_  =  2.0kn 

*PHL 

40 

47 

tpLH 

Clock  to  Q  Ou 

tput 
ut  HIGH 

28 

32 

ns 

*PHL 

with  Load  Inp 

30 

35 

*PLH 

Enable  T  to  Carry  Output 

18 

21 

ns 

tpHL 

18 

21 

*PLH 

Clock  to  Q  Ou 

tput 
ut  LOW 

28 

32 

ns 

*PHL 

with  Load  Inp 

30 

35 

*PHL 

Clear  to  Q  Output  (Note  1) 

41 

47 

ns 

*pw 

Pulse  Width 

Clock 

37 

42 

ns 

Clear 

30 

35 

*s 

Set-up  Time 

Data  -  A,  B,  C,  D 

30 

35 

ns 

Enable  P 

30 

35 

Load,  Enable  T 

30 

35 

Clear  (Note  2) 

30 

35 

th 

Hold  Time  -  Any  Input 

8 

9 

ns 

'max  (Note3 

i   Maximum  Clock  Frequency 

26 

23 

MHz 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  < 
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Am25LS/54LS/74LS160A/161A/162A/163A 


DEFINITION  OF  FUNCTIONAL  TERMS 

CP  Clock  pulse.  Enters  data  or  counts  on  the  positive-going 
edge. 

CLH  Clear.  On  the  Am25  LS1 60A  and  Am25LS1 61  A,  the  clear 
is  asynchronous.  A  LOW  on  the  clear  sets  all  four  flip-flops 
LOW.  On  the  Am25LS162A  and  Am25LS163A  the  clear  is 
synchronous.  A  LOW  on  the  clear  sets  all  four  flip-flops  LOW 
after  the  next  positive-going  clock  edge. 

Load  Load.  When  the  load  is  LOW,  data  on  the  A,  B,  C  and 
D  inputs  is  transferred  to  the  output  on  the  positive-going 
clock  edge.  When  the  load  is  HIGH,  the  counter  is  enabled. 
EN  P  Enable  P.  Parallel  count  enable.  Must  be  HIGH  to  count. 
EN  T  Enable  T.  Serial  trickle  count  enable.  Must  be  HIGH 
count. 

A,  B,  C,  D  The  four  counter  parallel  inputs. 

*^A>  Qb>  The  four  counter  outputs. 

Carry  Output  Carry  look-ahead  circuitry  for  cascading.  Will  be 

HIGH  when  the  four-bit  counter  is  maximum  (1001  for  BCD 

and  1111  for  binary). 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


APPLICATIONS 


IJ2      '13  114 


J  -  COUNT 
■  DISABLE 


LoIlo  » 


■>o     T|     i-;  y3 


EN  T 
EN  P 

>  CP 


V4       »5      Vl,  »J 


via    in  *M  vis 


High-speed,  look-ahead  carry  counter  for  BCD  (Am25LS160A  or  Am25LS162A)  or  binary  (Am25LS1 61 A  or 
Am25LS163A).  Can  count  modulo  N,  N-|-to-N2,  or  N-|-to-N  maximum. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.072"  X  0.082" 


Am25LS164  •  Am54LS/74LS1 64 

8-Bit  Serial-ln,  Parallel-Out  Shift 


DISTINCTIVE  CHARACTERISTICS 


Gated  serial  inputs 
Asynchronous  clear 

Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

-  Higher  speed 

-  50mV  lower  Vol  at  'OL  =  8mA 

-  Twice  the  fan-out  over  military  range 

-  440uA  source  current  at  HIGH  output 

100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS164  and  Am54LS/74LS1 64  are  eight-bit,  serial 
in/parallel  out  shift  registers  built  using  advanced  Low-Power 
Schottky  processing.  A  gated  input  provides  enable/disable 
control  over  incoming  data  such  that  the  data  can  be  entered 
or  logic  zeros  can  be  entered  into  the  register. 

An  asynchronous  clear  input  can  be  used  to  simultaneously 
clear  the  eight  flip-flops  in  the  device.  When  the  clear  input  is 
LOW,  all  internal  flip-flops  are  forced  LOW  independent  of 
the  clock  input.  An  incoming  data  bit  is  entered  into  the  Qa 
flip-flop  and  the  data  in  all  internal  flip-flops  is  shifted  right  on 
the  LOW-to-HIGH  transition  of  the  clock  input. 

The  Am54LS/74LS164  is  a  standard  performance  version  of 
the  Am25LS164.  See  appropriate  electrical  characteristic  tables 
for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


CLEAR  - 
CLOCK  - 


<£>o- 


serial)  a 

INPUTS  1  q 


CLEAR 
R  QC 


CLEAR 
R  QD 


CLEAR 
R  Qe 


CLEAR 
R  QG 


13 
Qh 


CONNECTION  DIAGRAM 
Top  View 


vcc  Oh   Qg  Qf   Qe  clr  cp 

n  n  n  n  n  n  n 

14      13      12      11      10      9  8 


'■I       2       3       4  5 


u  u  u  u  u  u  u 

A     B    qa   Qb   Qc   Qd  gnd 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


CLOCK 

Qa     Qb     Qc     Qd     Qe     qf     Qg  Qh 


10       II        12  13 


vCc  -  P'"  14 
GND  =  Pin  7 


Am25LS/54LS/74LS164 


_  or  i   <-»  i  a 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Typ. 


Paramel 

ers 

Description 

Test  Conditions  (Note  n 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  m  MIN..  I0H  7  ^*40mA 

MIL 

2.5 

3.4 

Volts 

V|N  =  V|H  or  V|L 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

'OL  =  4.0mA 

0.25 

0.4 

Volts 

V|N  =  V|H  or  V|L 

Iql  =  8.0mA 

0.35 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  1 1  |v]  =  -18mA 

-1.5 

Volts 

Input  LOW  Current 

Vcc  =  MAX.,  V|N  -  0.4V 

Clock,  Clear 

-0.36 

mA 

'IL 

A,  B 

-0.4 

'|H 

Input  HIGH  Current 

Vcc  -  MAX..  V,N  =  2.7V 

20 

MA 

>l 

Input  HIGH  Current 

VCc  "  MAX.,  V|N  =  7.0V 

0.1 

mA 

!SC 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

'CC 

Power  Supply  Current 
(Note  4) 

VCC  ■  MAX. 

16 

27 

mA 

Notes:  1 
2 
3 
4 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  VqO  =  5-0V-  25°  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
Measured  with  outputs  open,  serial  inputs  grounded,  and  a  momentary  ground,  then  4.5V  applied  to  the  clear  input. 


Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65°Cto+150°C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5  V  to  +7.0  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCc  max- 


DC  Input  Voltage 


-0.5  V  to +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B  The  serial  inputs  to  the  device.  If  either  the  A  input 
is  LOW  or  the  B  input  is  LOW,  the  Qa  flip-flop  will  be 
set  LOW  on  the  LOW-to-HIGH  transition  of  the  clock. 

Clear  An  asynchronous  master  reset  for  the  eight  flip-flops 
in  the  device.  When  the  clear  input  is  LOW,  all 
internal  flip-flops  are  set  LOW  independent  of  the 
clock. 

QA-Qh  The  ei9nt  true  outputs  of  the  eight-bit  register. 


Clock 


The  clock  input  to  the  register.  Data  is  entered  into 
the  register  on  the  LOW-to-HIGH  transition  of  the 
clock  input. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.066"  X  0.090" 
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Am54LS/74LS164 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70° C  VCC  =  5.0V±5%         MIN.  =  4.75  V      MAX.  =  5.25  V 

MIL  TA  -  -55°C  to +125°C        Vcc  =  5.0V  110%       MIN.  =  4.50V      MAX.  =  5. 50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


Typ. 

Min.       (Note  2)  Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  Iqh  =  -400 mA 
V|N  -  VlH  °r  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

VIN  =  VIH  °r  VIL 

All,  Iql  =  4.0mA 

0.25 

0.4 

Volts 

74LS  only,  Iql  =  8.0mA 

0.35 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Lev/el 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  -  MIN.,  I|N  -  -18mA 

-1.5 

Volts 

IlL 

Input  LOW  Current 

VCC  -  MAX.,  V|N  =  0.4  V 

-0.4 

mA 

Input  HIGH  Current 

VCC  ■  MAX.,  V,N  -  2.7  V 

20 

juA 

u 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  7.0V 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-100 

mA 

Power  Supply  Current 
(Note  4) 

VCC  "  MAX. 

16 

27 

mA 

Notes:  1 .  For  c 

2.  Typi 

3.  Not  i 

4.  Meas 


mditions  shown  as  MIN.  or  MAX .,  use  the  appropriate  value  specified  under  E lectrical  Characteristics  for  the  applicable  device  type. 
1 1  limits  are  at  V^c  =  5.0  V,  25° C  ambient  and  maximum  loading. 

ore  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second, 
red  with  outputs  open,  serial  inputs  grounded,  and  a  momentary  ground,  then  4.5V  applied  to  the  clear  input. 


Am25LS  .  Am54LS/74LS 
LOW  POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


0RIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25LS/54LS/74LS164 


SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 
Parameters  Description 

Am25LS 
Min.         Typ.  Max. 

Am54LS/74LS 
Min.         Typ.  Max. 

Units     Test  Conditions 

Clock  to  Output 

14 

20 

17 

27 

ns 

CL  = 15pF 
R(_  =  2.0kn 

«PHL 

15 

22 

21 

32 

»PHL 

Clear  to  Output 

19 

29 

24 

36 

ns 

*pw 

Clock  or  Clear 

17 

20 

ns 

*s 

Data 

10 

15 

ns 

*h 

Data 

5.0 

5.0 

ns 

«s 

Clear  Recovery  Time 

20 

ns 

fmaxt 

•vote  1) 

Maximum  Clock  Frequency 

35 

42 

25 

36 

MHz 

Note  1.  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 


Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units          Test  Conditions 

Ta  =  0°C  to  +70°  C 
VCC  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

«PLH 

Clock  to  Output 

26 

30 

ns 

CL  =  50pF 
R|_  =  2.0kfl 

tPHL 

30 

35 

«PHL 

Clear  to  Output 

37 

42 

ns 

tpw 

Clock  or  Clear 

22 

25 

ns 

«s 

Data 

13 

15 

ns 

«h 

Data 

5 

5 

ns 

ls 

Clear  Recovery  Time 

25 

30 

ns 

fmax( 

vote  1 1 

Maximum  Clock  Frequency 

25 

20 

MHz 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS164 


TRUTH  TABLE 


Serial 

Function 

Clear 

Clock 

A 

B 

Qa 

Qb 

Qc 

Qd 

Qe 

Qf 

Qg 

Oh 

Clear 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

H 

t 

L 

L 

L 

Qa 

Qb 

Qc 

Qd 

Qe 

Qf 

Qg 

Shift 

H 

t 

L 

H 

L 

Qa 

Qb 

Qc 

Qd 

Qe 

Qf 

Qg 

Right 

H 

t 

H 

L 

L 

Qa 

Qb 

Qc 

Qd 

Qe 

Qf 

Qg 

H 

1 

H 

H 

H 

Qa 

qb 

Qc 

Qd 

Qe 

Qf 

Qg 

L  =  LOW  t   =  LOW-to-HIGH  transition 

H  -  HIGH  X  -  Don't  care 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am25LS164 
Order 
Number 


SN54/74LS164 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  Cto  +70  C 
0°C  to  +70°  C 
0°Cto  +70°  C 
-55°Cto+125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


AM25LS1 64PC 
AM25LS1 64DC 
AM25LS164XC 
AM25LS1 64DM 
AM25LS1 64FM 
AM25LS164XM 


SN74LS164N 

SN74LS164J 

SN74LS164X 

SN54LS164J 

SN54LS164W 

SN54LS164X 


APPLICATION 


CLEAR  - 
CLOCK  - 


DATA  - 
ENABLE  - 


CLK  CLR 
A  IN 

Am25LS164 
B  IN 

QA  QB  QC  °D  QE  °F  °G  QH 


CLK  CLR 

A  IN 

Am25LSI64 
B  IN 

QA  °B  °C  QD  °E  °F  QG  QH 


BQ  B,    B2   B3   B4  B5  86  I 


8a   Bg  B,0  B,!  B^B^B^Btj 


16-Bit  Serial  In  Parallel  Out  Register. 
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Am25LS1 68A  •  Am25LS  1 69A 
Am54LS/74LS1 68A  •  Am54LS/74LS1 69A 

Synchronous  Four-Bit  Programmable  Up-Down  Counter 


DIST  NCTIVE  CHARACTERISTICS 

•  All  operations  are  synchronous 

•  Internal  look-ahead  carry  logic  for  high-speed  counting 

•  Ripple  carry  output  provided  for  cascading 

•  One  line  up/down  control 

•  Changes  state  on  LOW-to-HIGH  transition  of  clock 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol  at  'OL  =  8mA 

—  Twice  the  fan-out  over  military  range 

—  440uA  source  current  at  HIGH  output 

•  100%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  'LS168A  and  'LS169A  are  fully  synchronous  program- 
mable up/down  counters.  All  operations  occur  on  the  positive 
edge  of  the  clock  input.  Proper  operation  only  requires  the 
user  to  meet  the  set-up  and  hold  times.  With  the  LOAD  input 
LOW  the  outputs  will  be  programmed  by  the  parallel  data 
inputs  on  the  LOW-to-HIGH  transition  of  the  clock.  Counting 
is  enabled  only  when  EN  T  and  EN  P  are  LOW.  The  up/down 
inputs  (U/D)  control  of  the  direction  of  the  count.  HIGH 
counts  up  and  LOW  counts  clown.  Internal  Look-Ahead  Carry 
logic  and  active  LOW  ripple  carry  output  (RCO)  allows  for 
high-speed  counting  and  cascading.  During  up  count,  the  RCO  is 
LOW  at  binary  9  for  the  'LS168A  (binary  15  for  the  'LS169A) 
and  upon  down  count,  it  is  LOW  at  binary  0  (same  for  the 
'LS169A).  Cascaded  operation  requires  only  the  RCO  to  be 
connected  to  the  succeeding  block  at  EN  T. 

The  Am54LS/74LS168A  and  169A  are  standard  performance 
versions  of  the  Am25LS168A  and  169A.  See  appropriate  elec- 
trical characteristic  tables  for  detailed  Am25LS  improvements. 


'LS168A 


LOGIC  DIAGRAMS 


'LS169A 


CONNECTION  DIAGRAM 
Top  View 


Vcc  RCO  QA    Qg    Oc    QD  EN  T  LOAD 

nnnnnnnn 

16     15     14     13     12     11     10  9 


1       2      3       4      5      6       7  8 

uuuuuuuu 

U/B    CP      A       B       C       D    FNP  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3 

4 

S 

6 

1  

U/D  A 

B 

c 

D 

10  o 

EN  T 

1  o 

EN  P 

9  C 

LOAD 

RCO 

2  

CP  QA 

°B 

°c 

°D 

14 

13 

12 

11 

Vcc  =  Pin  16 
GND  =  Pin  8 


Am25LS/54LS/74LS168A/169A 


Am25LS168A  •  Am25LS169A 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70° C  VCC  =  5.0V±5%         MIN.  -4.75  V 

MIL  TA  =  -55°C  to +125°C        VCC  =  5.0V±10%       MIN.  »  4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


MAX.  -  5.25  V 
MAX.  =  5.50  V 


Mm. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 


Output  HIGH  Voltage 


VCC  =  MIN..  Iqh  =  -440MA, 
VIN  =  VIH  °r  VIL 


COM'L 


3.4 


Volts 


Vol 


Output  LOW  Voltage 


VCC  =  MIN. 

V|N  "  V|H  or  V|L 


Iql  =  4.0mA 


Volts 


Iql  =  8.0mA 


0.45 


Input  HIGH  Level 


Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 


2.0 


V|L 


nput  LOW  Level 


Guaranteed  input  logical  LOW 
voltage  for  all  inputs 


MIL 


0.7 


COM'L 


0.8 


Volts 


Input  Clamp  Voltage 


VCC  =  MIN.,  I,N  =  -18mA 


Volts 


Input  LOW  Current 


VCC  =  MAX.,  V|N=  0.4V 


EN  T 


mA 


-0.4 


Input  HIGH  Current 


VCC  =  MAX.,  V|N  -  2.7  V 


EN  T 


30 


MA 


20 


Input  HIGH  Current 


VCC  =  MAX.,  V|N  »  7.0V 


EN  T 


mA 


Output  Short  Circuit  Current 
(Note  3) 


Vcc  =  MAX. 


"CC 


Power  Supply  Current 
(Note  41 


VCC  =  MAX. 


mA 


Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VQC  ~  5-°  v-  25°  c  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  inputs  grounded;  outputs  open;  measured  after  a  ground  then  4.5  V  on  the  clock  input. 


Am25LS  «  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55°Cto+125°C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5V  to  +7.0V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +7.0V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input  Current 


-30mA  to  +5.0mA 
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Am25LS/54LS/74LS168A/169A 

Am54LS/74LS168A»  Am54LS/74LS169A 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70° C  VCC  =  5.0V±5%         MIN.  =  4.75  V      MAX.  =  5.25V 

MIL  TA  -  -55°C  to  +125°C        VCC-5.0V±10%       MIN.=4.50V      MAX.  -5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2)  Max. 


Units 


v0 

i 

Output  HIGH  Voltage 

VCC  =  MIN.,  Iqh  -  -40CVA, 
VIN  "  VIH  or  VIL 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vo 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|H  or  V|L 

All,  Iql  -  4.0mA 

0.4 

Volts 

74LS  only,  Iql  =  8.0mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I,N  =  -18mA 

-1.5 

Volts 

'  tu 

Input  LOW  Current 

Vcc  =  MAX.,  V|N  =  0.4V 

EN  T 

-0.6 

mA 

All  others 

-0.4 

■iH 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  2.7  V 

EN  T 

30 

MA 

i  

All  others 

20 

'I 

Input  HIGH  Current 

VCC  '  MAX.,  V,N  =  7.0V 

EN  T 

0.15 

mA 

All  others 

0.1 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-100 

mA 

'cc 

Power  Supply  Current 
(Note  4) 

VCC  *  MAX. 

20 

34 

mA 

Notes:  1 
2 
3 
4 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  Vcc  =  5.0  V,  25°C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
All  inputs  grounded;  outputs  open;  measured  after  a  ground  then  4.5  V  on  the  clock  input. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

CP 

A 

B 

c 

D 

LOAD 

EN  T 

EN  P 

U/D 

RCO 

Qa 

COMMENTS 

• 

X 

X 

X 

X 

H 

L 

L 

H 

A/RI1) 

(Qt-ck)  + 1 

Count  Up 

t 

X 

X 

X 

X 

H 

L 

L 

L 

A/RI2] 

(Qt-ck)  -i 

Count  Down 

t 

X 

X 

X 

X 

H 

H 

X 

X 

NC 

NC 

Count  Inhibit 

: 

X 

X 

X 

X 

H 

X 

H 

X 

NC 

NC 

NC 

X 

X 

X 

X 

H 

L 

X 

H 

L 

H 

H 

H 

H 

Overflow  CLS169A) 

X 

X 

X 

X 

H 

L 

X 

H 

L 

(H 

X 

X 

H) 

CLS168A) 

NC 

X 

X 

X 

X 

H 

H 

X 

H 

H 

H 

H 

H 

H 

Overflow  Inhibit  CLS169A) 

X 

X 

X 

X 

H 

H 

X 

H 

H 

(H 

X 

X 

H) 

CLS168A) 

NC 

X 

X 

X 

X 

H 

L 

X 

L 

L 

L 

L 

L 

L 

Underflow 

NC 

X 

X 

X 

X 

H 

H 

X 

L 

H 

L 

L 

L 

L 

Underflow  Inhibit 

i 

L 

H 

L 

H 

L 

L 

L 

X 

H 

L 

H 

L 

H 

Load  Example 

1 .  LOW  for  one  clock  cycle  when  maximum  count  is  reached;  otherwise  HIGH. 

2.  LOW  for  one  clock  cycle  when  minimum  count  is  reached;  otherwise  HIGH. 


HIGH  (QT-CK*  =  Output  State  Prior  to  Clock  Edge. 

LOW  A/R  =  Assumes  Required  State  at  Output. 

X  =  Don't  Care  IMC  =  No  Change. 
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Am25  LS/54LS/74LS1 68  A/1 69  A 


SWITCHING 

(TA  =  +25°C, 

Parameters 

CHARACTERISTICS 

y"CC  =  5.0V) 

Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units         Test  Conditions 

»PLH 

Clock  to  Ripple  Carry 



23 

35 

23 

35 

ns 

CL  =  15pF 
R[_  =  2.0kfi 

*PHL 

19 

35 

23 

35 

«PLH 

Clock  to  Any  Q 

13 

20 

13 

20 

ns 

*PHL 

15 

23 

15 

23 

<PLH 

_ 

Enable  T  to  Ripple  Carry 

10 

1 4 

10 

14 

ns 

tPHL 

9 

14 

10 

14 

«PLH 

Up/Down  to  Ripple  Carry 

17 

25 

17 

25 

ns 

tPHL 

17 

29 

19 

29 

tpw 

Clock  Pulse  Width 

25 

25 

ns 

's 

Set-up 

A,  B,C,  D 

20 

20 

ns 

EN~P,  ENT 

20 

20 

Load 

25 

25 

ns 

Up/Down 

30 

30 

«h 

Hold,  any  Input 

0 

0 

ns 

'maxINow  1 

Maximum  Clock  Frequency 

25 

2 

25 

32 

MHz 

Mote  1 .  Per  industry  convention,  fmax  if  tne  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 


Am25LS  O 
SWITCHIN 
OVER  OPE 

Parameters 

MLY 

3  CHARACTERISTICS 
RATING  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units              Test  Conditions 

Ta  =  0°C  to  +70°C 
Vcc  =  5.0V±5% 
Min.  Max. 

TA  =  -550Cto+125°C 
Vcc  =  50V±10% 
Min.  Max. 

«PLH 

Clock  to  Ripple  Carry 

49 

57 

ns 

CL  -  50pF 
RL  =  2.0kfi 

»PHL 

49 

57 

»PLH 

Clock  to  Any  Q 

30 

35 

ns 

*PHL 

34 

39 

«PLH 

Enable  T  to  Ripple  Carry 

22 

26 

ns 

«PHL 

22 

26 

»PLH 

Up/Down  to  Ripple  Carry 

36 

42 

ns 

<PHL 

42 

48 

tpw 

Clock  Pulse  Width 

36 

42 

ns 

«• 

Set-Up 

A,  B, C,  D 

30 

35 

ns 

EN  T,  EN  P 

30 

35 

Load 

36 

42 

ns 

Up/Down 

43 

50 

«h 

Hold 

0 

0 

ns 

fmax<Note 

) 

Maximum  Clock  Frequency 

19 

17 

MHz 

*AC  performance  over  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS168A/169A 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


DEFINITION  OF  FUNCTIONAL  TERMS 


CP  Clock  Pulse.  All  functions  of  the  counter 

occurs  on  the  positive  edge. 

A,  B,  C,  D  The  four  programmable  data  inputs. 

EN  P  Parallel  Count  Enable.  Must  be  LOW  to 

count. 

EN  T  Enables  RCO  (serial  trickle)  for  cascading 

counters.  Must  be  LOW  to  count. 


Qa-  qb>  qc-  qd 

LOAD 


The  four  counter  outputs. 

A  LOW  enables  parallel  load  of  counter 
outputs  from  inputs.  Must  be  HIGH  to 
count. 


RCO 


U/D 


Ripple  Carry  Output.  Output  will  be 
LOW  on  the  maximum  count  on  up 
count,  and  on  0000  on  the  down  count. 

Up/Down  Count  Control.  HIGH  counts 
up  and  LOW  counts  down. 


Note:  Actual  currant  flow  direction  shown. 


Metallization  and  Pad  Layouts 


'LS168A  'LS169A 


DIE  SIZE  0.084"  X  0.099"  DIE  SIZE  0.084"  X  0.099" 
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Am25LS/54LS/74LS168A/169A 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am25LS168A 
Order 
Number 


Am25LS169A 
Order 
Number 


Am54LS/ 
74LS168A 
Order 
Number 


Am54LS/ 
74LS169A 
Order 
Number 


AM25LS168APC 
AM25LS1 68ADC 
AM25LS1 68AXC 
AM25LS1 68ADM 
AM25LS1 68AFM 
AM25LS168AXM 


SN74LS169AN 

SN74LS169AJ 

SN74LS169AX 

SN54LS169AJ 

SN54LS169AW 

SN54  LS169AX 


Molded  DIP 
Hermetic  DIP 

D  ce 
Hermetic  DIP 
Hermetic  Flat  Pak 
D  ce 


0"Cto  +70"  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto  +125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


AM25LS1 69APC 
AM25LS1 69ADC 
AM25LS169AXC 
AM25LS169ADM 
AM25LS169AFM 
AM25LS1 69AXM 


SN74LS168AN 

SN74LS168AJ 

SN74  LS168AX 

SN54LS168AJ 

SN54LS168AW 

SN54LS168AX 


APPLICATIONS 


D4  D5  De  D7 


D8  Dg  DioDn 


D12D13DhDi5 


A     8    C  D 
EN  P  RCO 


LOAD 

U/D 
EN  T 

QA  QB  QC  °D 


w0  W,  w2  w3 


A     B    C  D 


LOAD 
U/D 


w4  w5  w6  w7 


A     B    C  D 
EN  T  RCO 


LOAD 
U/D 


w8  W9WlOW11 


A     B    C  D 
EN  T  RCOlO— 1 


LOAD 

U/D 


EN  P 

QA  QB  Qc  Qp 


w12w13w14w15 


Synchronous  4-Bit  BCD  Programmable  Up/Down  Counter  with  Hold  on  Underflow  and  Overflow,  enabled 
by  LOAD,  Single  count  sequence  per  load  cycle. 


d0  d,  d2  d3 


r 


CLOCK  - 
COUNTER  ENABLE  - 


EN  T  RCO 
CP 

LS169A 

EN  P 
LOAD 

U/D 


ENT  RCO 
CP 

LS169A 


-C  ENP 
— C  LOAD 


Programmable  Divide  By  N. 

Example:  Divide  By  127,  Load  (N-1)  or  126  =  01 1 1 1 1 10. 
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4-BY-4  Register  File  with  3-State  or  Open  Collector  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  Separate  read/write  addressing 

•  Simultaneous  read  and  write 

•  4-word  by  4-bit  organization 

•  Arn25LS170  has  open  collector  outputs 

•  Am25LS670  has  three-state  outputs 

•  Cascadable  to  m  words  of  n  bits  (Mod  4) 

•  Used  as 

—  Scratchpad  memory 

—  Buffer  storage  with  timing  synchronizing 

—  Storage  for  fast  multiply  (signal  processing) 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol  at  'OL  =  8mA 

—  Twice  the  fan-out  over  military  range 

—  440/jA  source  current  at  H IGH  output 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS170  and  670  are  16-bit  low-power  Schottky 
register  files.  The  file  is  organized  as  4  words  of  4-bits  each 
with  separate  on-chip  address  decoding  for  read  and  write. 
This  permits  simultaneous  read  and  write  operations  either  to 
the  same  or  different  addresses. 

Four  data  inputs  are  used  to  supply  the  4-bit  data  word  to  be 
stored.  The  Wa  and  Wg  inputs  supply  the  write  address  while 
the  G\m  supplies  the  write  enable.  Four  data  outputs  (Oq  to 
O3)  are  selected  from  data  word  cells  by  the  R/\  and  Rb 
address.  The  output  is  available  if  the  read  enable  Gr  is  LOW. 
The  register  file  performs  a  non-destructive  readout.  The 
Am25LS170  has  open  collector  output  for  convenience  of 
collector  ORing  while  the  Am25tS670  provides  three-state 
outputs  for  bus  selection. 

The  Am54LS/74LS170  and  670  are  standard  performance 
versions  of  the  Am25LS160  and  670  See  appropriate  electrical 
characteristic  tables  for  detailed  Am25LS  improvements. 
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Am25LS/54LS/74LS1 70/670 


CONNECTION  DIAGRAM 
Top  View 

VCC    Dl     WA    WB    =W    GR     °1  02 

nnnnnnnn 

16      15     14      13     12     11      10  9 


uuuuuuuu 

D2     03     D4     Rg    HA    04     Q3  GNO 
Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


15      1       2  3 


14  . 

WA 

D]     D2     D3  D4 

*A 

13   ■ 

WB 

RB 

12— O 

GW 

0,      Q2     Q3  04 

Gfi 

1     1     1  1 

10      9       7  6 

VCC=  16 
GND  =  8 

Am25LS170  •  Am25LS670 
ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  specified: 

COM'L      TA  =  0°C  to  +70° C  Vcc  =  5.0V  ±  5%  (Ml N.  : 

MIL  TA  = -55°C  to +125°C  Vcc  -  5.0V  ±  1  0%  (MIN.- 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  n 


4.75V,  MAX.  ■ 
4.50V,  MAX.  • 


5.25V) 
5.50V) 


Typ. 

Min.     (Note  2)     Max.  Units 


VOH 

Output  HIGH  Voltage 
CLS670  Only) 

VcC  ~  MIN. 

V|N  =  V|HorV|L 

MIL,  IOH  =  -1  0mA 

2.4 

Volts 

COM'L,  l0H  = -2.6mA 

2.4 

vol 

Dutput  LOW  Voltage 

VCC  =  MIN., 
V|N  "  V|H  or  V|L 

'OL  =  40mA 

0.25 

0.4 

Volts 

'OL  =  80mA 

0.35 

0.45 

V|H 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

nput  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

nput  Clamp  Voltage 

VCC  =MIN.,  I|N  =-18mA 

-1.5 

Volts 

'IL 

nput  LOW  Current 

VCC  =  MAX.,  V|N  -=0.4V 

Any  D,  R,  or  W 

-0.36 

mA 

GR  (LS170)  or  GW 

-0.72 

GR  (LS670) 

-1.08 

nput  HIGH  Current 

Vcc  "  MAX.,  V|N  =  2.7V 

Any  D,  R,  or  W 

20 

MA 

GR  (LS170)  or  GW 

40 

GR  (LS670) 

60 

ll 

nput  HIGH  Current 

VCC  =  MAX.,  V|N=  7.0V 

Any  D,  R,  or  W 

0.1 

mA 

GR  (LS170)  or  GW 

0.2 

GR  (LS670) 

0.3 

'OH 

Hutput  Leakge 
'LS170  Only) 

VCC  =  MIN.,  V0H=  5.5V. 
V|N  =  V|HorV|L 

20 

MA 

ioz 

Dff-State  (High-Impedance) 
Output  Current  CLS670  Only) 

VCC  -  MAX. 

V0  =  0.4V 

-20 

UA 

V0  =  2.7V 

20 

"sc 

Dutput  Short  Circuit  Current  (Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

'cc 

3ower  Supply  Current  (Note  4) 

VCC  =  MAX. 

170 

25 

40 

mA 

670 

30 

50 

Notes:   1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VqC  =  5-0v-  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit        should  not  exceed  one  second. 

4.  Measured  with  4.5V  applied  to  all  data  inputs  and  both  enable  inputs,  all  address  inputs  grounded  and  all  outputs  open. 

Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output  C 

urrent.  Into  Outputs 

30mA 

DC  Input  Cur 

rent 

-30mA  to  +5.0mA 
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LS/54LS/74LS170/670 

Am54LS/74LS170»  Am54LS/74LS670 
ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  specified: 

COM'L      TA  =  0°C  to  +70° C  Vcc  -  5.0V  ±  5%  (MIN.  =  4.75V,  MAX.  =  5.25V) 

MIL  TA  =  -55°C  to  +125°  C  VCC  =  5.0V±10%  (MIN.  -  4.50V,  MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note!) 


Typ. 
Min.      (Note  2) 


Max.  Units 


VOH 

Output  HIGH  Voltage 
CLS670  Only) 

Vcc  ~  M|N- 

V|N  "  VIH  °r  V|L 

MIL,  Ioh  =  —1.0mA 

2.4 

3.4 

Volts 

COM'L,  l0H  "  -2.6mA 

2.4 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  MIN., 
V|N-V|HorV|L 

All,  Iql  =  4.0mA 

0.4 

Volts 

74LS  Only, 
lOL  =  8.0mA 

0.5 

VIH 

Input  HILiH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  s  MIN.,  I,N  =  -18mA 

-1 .5 

Volts 

l|L 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

Any  D,  R,  or  W 

-0.4 

mA 

GR  (LSI 70)  or  GW 

—0.8 

GR  (LS670) 

—1  2 

l|H 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

Any  D,  R,  or  W 

20 

MA 

GR  (LS170)  or  GW 

40 

GR  (LS670) 

60 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V,N  =  7.0V 

Any  D,  R,  or  W 

0.1 

mA 

GR  (LSI 70)  or  GW 

0.2 

GR  (LS670) 

0.3 

"OH 

Output  Leakge 
CLS170  Only) 

Vcc  -  MIN.,  V0H  =  5  5V, 
V|N  =  V|H  or  V|L 

20 

UA 

'02 

Off-State  (High-Impedance) 
Output  Current  CLS670  Only) 

Vcc  =  MAX. 

V0  =  0.4V 

-20 

juA 

V0  =  2.7V 

20 

'sc 

Output  Short  Circuit  Current  (Note  3} 

Vcc  =  MAX. 

-15 

-100 

mA 

'cc 

Power  Supply  Current  (Note  4) 

Vcc  =  MAX. 

170 

25 

40 

mA 

670 

30 

50 

Notes:  1 
2 
3 
4 


For  cond  it  ions  shown  as  MIN.  or  MAX.,  use  the  appropriate  val  ue  specified  under  Electrical  Characteristics  for  the  appl  icable  de 
Typical  limits  are  at  Vcc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
Measured  with  4.5V  applied  to  all  data  inputs  and  both  enable  inputs,  all  address  inputs  grounded  and  all  outputs  open. 


DEFINITION  OF  FUNCTIONAL  TERMS 


Dl  " 

Ra 

Gr 

wa 

GW 

Q1- 


D4  Data  Input.  Input  data  bit  1  through  bit  4  repre- 
senting one  word  to  be  entered  into  the  device. 
Read  Word  Select.  Selects  word  0  through  word  3 
to  be  read  out. 

Read  Enable.  Gates  output  of  LS170  and  enables 
three-state  output  on  LS670.,- 

WB  Write  Word  Select.  Selects  which  word  is  to  be 
written. 

Write  Enable.  The  selected  word  will  be  written 
when  the  Gw  goes  LOW. 
Q4     Output  data  bits  1  through  4  available  during  read 
select  (Gr)  otherwise  HIGH  for  LS170  (open  col- 
lector) or  high  impedance  for  LS670  (three-state). 


TRUTH  TABLE 


WRITE  INPUTS 

WORD 

WB  WA 

Gw 

0 

1 

2 

3 

L  L 

L 

Q=D 

NC 

NC 

NC 

L  H 

L 

NC 

Q=D 

NC 

NC 

H  L 

L 

NC 

NC 

Q=D 

NC 

H 

L 

NC 

NC 

NC 

Q-D 

X  X 

H 

NC 

NC 

NC 

NC 

READ  INPUTS 

OUTPUTS 

RB  RA 

Qr 

0-1 

Q2 

Q3 

04 

L  L 

L 

W0B0 

W0B, 

W0B2 

W0B3 

L  H 

L 

W,E0 

W,B, 

W,B2 

W,B3 

H  L 

L 

W2B0 

W2B, 

W2B2 

W2B3 

H  H 

L 

W3B0 

W3B, 

W2B2 

W3B3 

LS170  Only: 

X  X 

H 

H 

H 

H 

H 

LS670  Only: 

X  X 

H 

Z 

Z 

z 

Z 

Notes:   1.  H  =  HIGH  level,  L  =  LOW  level,  X  =  Don't  Care,  Z  =  HIGH 
impedance. 

2.  (Q=D)  the  selected  F/F  will  assume  the  state  of  Djn. 

3.  NC  =  the  level  of  Q  previously  established  {no  change). 

4.  WjBj  =  i  =  the  word  read, 

j  =  the  bit  read. 
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Am25LS/54LS/74LS170/670 


SWITCHINC 

(TA  =  +25°C, 
Parameters 

CHARACTERISTICS 

VCC  =  5.0V) 

Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min,       Typ.  Max. 

Units         Test  Conditions 

'PLH 

Read  Select  RA,  Rg  to  Qj 

ns 

CL  =  15pF 
RL  =  2.0kn 

'PHL 

*PLH 

Write  Enable  Gw  to  Qj 

ns 

*PH  L 

«PLH 

Data      to  Q, 

ns 

«PHL 

«PLH 

Read  Enable  Gr  to  Qj 

ns 

'PHL 

's 

D|  to  Gyv 

ns 

's 

WA,  Wg  to  GW 

ns 

«H 

D,  to  Gw 

ns 

«H 

WA,  Wg  to  Gw 

ns 

'pw  

Gw  or  Gr 

ns 

T LATCH 

Latch  Time  for  New  Data 

ns 

Am25LS170  ONLY 

SWITCHING  CHARACTERISTICS 

OVER  OPERATING  RANGE* 

Parameters  Description 


Am25LS  COM'L 


Ta  =  0  C  to  +70  C 
Vcc  "  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55  Cto  +125  C 
Vcc  =  5.0V  ±10% 
Min.  Max. 


Units 


Test  Conditions 


'PLH 


'PHL 


'PLH 


'PHL 


«PLH 


'PHL 


'PLH 


'PHL 


«H 


«H 


'pw 


TLATCH 


R A'  RB.'°  Qi 


Gw  to  Qj 


Dj  to  Qj 


Gr  to  Qj 


Dj  to  Gw 


Wa.  Wg  to  Gw 


Dj  to  Gw 


WA,  Wg  to  Gw 


Gw  or  Gr 


Latch  Time  for  New  Data 


CL  =  50pF 
R[_  =  2.0kf2 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


LS670 
DRIVING  OUTPUT 


DRIVEN  INPUT 


'LS170 
DRIVING  OUTPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25L 

Am25L 
SWTCH 

(TA  =  25 

Paramete 

S/54LS/74LS1 70/670 

5670  •  Am54LS/74LS670 
NG  CHARACTERISTICS 

C.  VCC  =  5.0V) 

rs  Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units         Test  Conditions 

*PLH 

CL=  15PF 
RL  =  2.0kn 

«PHL 

tPLH 

Write  Enable  Gyy  to  Qj 

tPHL 

<PLH 

Data  Oj  to  Qj 

'PHL 

«ZH 

Read  Enable  Gr  to  Qj 

ns 

tZL 

*HZ 

ns 

CL  =  S.0pF 
RL  -  2.0kfi 

<LZ 

«s 

D,  to  Gw 

ns 

CL  =  15pF 
RL  =  2.0kn 

*s 

WA,  Wg  to  Gyv 

ns 

«H 

Dj  to  Gw 

ns 

tH 

WA,  Wg  to  Gw 

ns 

tpw 

Gw  or  Gr 

ns 

TLAT( 

;h 

Latch  Time  for  New  Data 

ns 

Am25L! 
SWITCH 
OVER  C 

Paramete 

5670  ONLY 

IING  CHARACTERISTICS 
)PERATIIMG  RANGE* 

rs  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units           Test  Conditions 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tPLH 

Read  Select 

ns 

CL  -  50pF 
R[_  =  2.0kf2 

«PHL 

RA,  RB,  to  Qj 

'PLH 

Write  Enable 

ns 

tPHL 

Gw  to  Qj 

«PLH 

Data  Dj  to  Qj 

ns 

fPHL 

«ZH 

ns 

«ZL 

«HZ 

Read  Enable  Gr  to  Qj 

ns 

CL  =  5.0pF 
R[_  =■  2.0kf! 

*LZ 

«s 

Dj  to  Gw 

ns 

CL  =  50pF 
RL  =  2.0kn 

«s 

WA,  Wg  to  Gw 

ns 

tH 

Dj  to  Gw 

ns 

tH 

WA,  WB  to  GW 

ns 

tpw 

GW  orGR 

ns 

LATCH 

Latch  Time  for  New  Data 

ns 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS170/670 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am25LS170 
Order 
Number 


Am25LS670 
Order 
Number 


Am54LS/ 
74LS170 
Order 
Number 


Am54LS/ 
74LS670 
Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  Cto  +70  C 
0°C  to  +70°  C 
0°Cto  +70°C 
-55°Cto+125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


AM25LS170PC 
AM25LS1 70DC 
AM25  LS170XC 
AM25LS170DM 
AM25LS1 70FM 
AM25LS1 70XM 


AM25LS670PC 
AM25LS670DC 
AM25LS670XC 
AM25LS670DM 
AM25LS670FM 
AM25LS670XM 


SN74LS170N 

SN74LS170J 

SN74LS170X 

SN54LS170J 

SN54LS170W 

SN54LS170X 


SN74LS670N 

SN74LS670J 

SN74LS670X 

SN54LS670J 

SN54LS670W 

SN54LS670X 


APPLICATION 


DATA  WORD 
INPUT 


DoO- 
Dt  O- 
D2  O- 
D3O- 


RA  RB 


GW 


D4  o- 
D5O- 


06O- 


Am25LSl  70/670 


-OO, 


-OO3 


-O  04 
-OO5 
-O0( 
-OO, 


8 -BIT  DATA  WORD 
OUTPUT  DELAY 
BY  OFFSET 


PRESET  . 
CLO 


CK  Am25LS161 

CLR 

ENP 

QA  QB 
CK  Am25LS161  LD 

ENP         A  B 


:<;}. 


Delay  variable  by  clock  times  offset  0,  1 ,  2,  3.  System  is  expandable  in  width  and  length  and  is  the  basis  of 
a  digital  auto  correlator. 

Variable  Digital  Delay  Buffer 
(Auto  Correlator) 
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Am25LS174  •  Am54LS/74LS1 74 
Am25LS1 75  •  Am54LS/74LS1 75 

Hex/Quadruple  D-Type  Flip  Flops  With  Clear 


DISTINCTIVE  CHARACTERISTICS 

•  4-bit  and  6-bit  parallel  registers 

•  Common  clock  and  common  clear 

•  Positive  edge-triggered  D  flip-flops 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440uA  source  current 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS174  is  a  six-bit  register  and  the  Am25LS175 
is  a  four-bit  register  built  using  advanced  Low  Power 
Schottky  technology.  The  registers  consist  of  D-type  flip- 
flops  with  a  buffered  common  clock  and  an  asynchronous 
active  LOW  buffered  clear. 

When  the  clear  is  LOW,  the  Q  outputs  are  LOW  independent 
of  the  other  inputs.  Information  meeting  the  set-up  require- 
ments of  the  D  inputs  is  transferred  to  the  Q  outputs  on  the 
positive-going  edge  of  the  clock  pulse. 

For  versions  of  these  devices  having  a  common  enable 
rather  than  clear  see  Am25LS07  and  Am25LS08. 

The  Am54LS/74LS174  and  175  are  standard  performance 
versions  of  the  Am25LS174  and  175.  See  appropriate 
electrical  characteristic  tables  for  detailed  Am25LS  im- 
provements. 


LOGIC  DIAGRAMS 
LS174 


D4 


'  t>o- 


L— o|>0- 


•LS175 


■  [>> 


CP  D 

:D 

Q  Q 


CP  D 

:D 

Q  Q 


CP  D 

q  a 


CP  D 

0 

0  0 


'■hi  °o 


Q,       Q  i 


Q2  Q2 


Q3  03 


CONNECTION  DIAGRAMS 
Top  Views 


'LS174 

VCC    Q5     D5     D4     Q4     D3     Q3  CP 

nnnnnnnn 

16      13      14      13      12      11      10  9 


12       3      4       5       6      7  8 

LJUUUUUUU 

CL     Qq     Dq     Dt      Qj     D2     Q2  GND 


'LSI  75 

VCC    Q3     °3     03     D2     Q2     Q2  CP 

nnnnnnnn 

15     14     13     12     11     10  9 


5       6  7 


1       2  3 

LJUUUUUUU 

CL     Qq     Qq     Do     D\     Q]      Qi.  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOLS 


'LS174 


'LS175 


3 

I 

4 

6 

l 

13 

14 

9  

- 

CP 

Dl 

D2 

D3 

< 

°5 

CL 

'-'i 

0, 

"a 

34 

I 

2 

1 

5 

7 

10 

12 

l 

15 

GND  -  Pin  8 


CP 

0,  02 

03 

CL 

Qo 

Q3 

f  1 

?    |       t  | 

f  l 

3  2 

6     7      11  10 

14  15 
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Am25LS/54LS/74LS174/175 


ELECTRICAL  CHARACTERISTICS  The  following  conditions  apply  unless  otherwise  specified: 
COM'L        TA  -  0°C  to  +70° C  Vcc  =  5.0V  ±  5%  (MIN.  =  4.75V    MAX.  =  5.25V) 

MIL  TA  = -55°C  to +125°C        VCC  =  5.0V±10%        (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE  Typ. 
Parameters  Description  Test  Conditions  (Note  D  Min.        (Note  2) 


Max. 


&,m54LS/74LS174/175 

ELECTRICAL  CHARACTERISTICS  The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

DOM'L       TA  =  0°C  to +70°C  Vcc  =  5.0V  ±  5%  (MIN.  =  4.75V    MAX.  =  5. 25V) 

A\L  TA  =  -55°C  to  +125°C        VCC  =  5.0V±10%        (MIN.  =4.50V    MAX.  =  5.50V) 

3C  CHARACTERISTICS  OVER  OPERATING  RANGE 


'arameters 


Description 


Test  Conditions  (Note  d 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  "  MIN.,  I0H  "  -440uA 
V,N  =  V|H  or  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN 

V|N  -  V|H°r  V|L 

Iql  =  4rnA 

0.4 

Volts 

Iql  "  8mA 

0.45 

V|H 

In 

>ut  HIGH  Level 

Guaranteed  input  logical 
HIGH  voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical 
LOW  voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

l|L 

put  LOW  Current 

VCC  =  MAX.,  V|N  -  0.4V 

Clock,  CL 

-0.36 

mA 

Others 

-0.24 

'IH 

In 

put  HIGH  Current 

VCC  =  MAX.,  V|N  -  2.7V 

20 

fA 

'I 

put  HIGH  Current 

VCC  -  MAX.,  V|N  -  7.0V 

0.1 

mA 

■sc 

O 
IN 

Jtput  Short  Circuit  Current 
ote  3) 

VCC  =  MAX. 

-15 

-85 

mA 

•cc 

Pc 

wer  Supply  Current 
ote  4) 

VCC  =  MAX. 

LS174 

16 

26 

mA 

LS175 

11 

18 

Units 


V0H 

Dutput  HIGH  Voltage 

VCC  =  MIN.,  lOH  "  -400M 
V|N=V|Hor  V|L 

Am74LS 

2.7 

3.4 

Volts 

Am54LS 

2.5 

3.4 

vol 

( 

Dutput  LOW  Voltage 

VCC=MIN 
V,N=V|HorV|L 

All,  l0\_  =  4mA 

0.4 

Volts 

74LS  only,  Iql  =  8mA 

0.5 

V|H 

nput  HIGH  Level 

Guaranteed  input  logical 
HIGH  voltage  for  all  inputs 

2.0 

Volts 

V|L 

nput  LOW  Level 

Guaranteed  input  logical 
LOW  voltage  for  all  inputs 

Am54LS 

0.7 

Volts 

Am74LS 

0.8 

V| 

nput  Clamp  Voltage 

VCC  =  MIN.,  I|N  =-18mA 

-1.5 

Volts 

lit 

nput  LOW  Current 

VCC  =  MAX.,  V|N  =0.4V 

-0.40 

mA 

'IH 

nput  HIGH  Current 

VCc  =  MAX.,  V|N  *  2.7V 

20 

uA 

'1 

nput  HIGH  Current 

VCc  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

•sc 

Dutput  Short  Circuit  Current 
Note  3) 

VCC  "  MAX. 

-15 

-100 

mA 

'cc 

3ower  Supply  Current 
Note  4) 

VCC  =  MAX. 

LS174 

16 

26 

mA 

LS175 

11 

18 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  outputs  open  and  4.5V  applied  to  the  data  and  clear  inputs.  Measured  after  a  momentary  ground,  then  4.5V  applied  to  the  clock  input. 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature 


-65  C  to  +150  C 


Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Volta 

ge 

-0.5Vto+7.0V 

DC  Output  Cur 

rent.  Into  Outputs 

30  mA 

DC  Input  Curre 

nt 

-30  mA  to  +5.0  mA 
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Parame 

ters  Description 

Mm.      Typ.  Max. 

Min.      Typ.  Max. 

Units         Test  Conditions 

<PLH 

Clock  to  Output 

15 

23 

20 

30 

ns 

CL  •  15pF 
RL  =  2.0kn 

«PHL 

13 

20 

23 

35 

*PLH 

Clear  to  Q  Output,  LS175  only 

16 

25 

16 

25 

ns 

'PHL 

Clear  to  Output 

23 

35 

23 

35 

tpw 

Pulse  Width 

Clock 

1  7 

20 

ns 

Cl-ear 

20 

20 

ts 

Data  Set-up  Time 

20 

20 

ns 

ls 

Set-up  Time  Clear  Recovery 
(in-active)  to  Clock 

20 

25 

*h 

Data  Hold  Time 

5 

5 

ns 

*max 

Maximum  Clock  Frequency  (Note  1) 

40 

65 

30 

40 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 


Am25 
SWITI 
OVEF 

Param 

LS  ONLY 

IHING  CHARACTERISTICS 
I  OPERATING  RANGE* 

eters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55X  to  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tpLI- 

Clock  to  Output 

34 

39 

ns 

CL  =  50pF 
R[_  =  2.0kn 

*PHI 

30 

35 

*PU- 

Clear  to  Q  Output,  LS175  only 

37 

42 

ns 

*PH1 

Clear  to  Output 

50 

57 

ns 

tpw 

Pulse  Width 

Clock 

26 

30 

ns 

Clear 

30 

35 

ts 

Data  Set-up  Time 

30 

35 

ns 

ts 

Set-up  Time  Clear  Recovery 
(In-active)  to  Clock 

30 

35 

ns 

th 

Data  Hold  Time 

11 

12 

ns 

'ma 

Maximum  Clock  Frequency  (Notel) 

30 

26 

MHz 

*AC  per 

formance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 

CL 


DEFINITION  OF  FUNCTIONAL  TERMS 


The  D  flip-flop  data  inputs. 
Z\ear.  When  the  clear  is  LOW,  the  Q]  outputs  are  LOW, 
regardless  of  the  other  inputs.  When  the  clear  is  HIGH,  data 
can  be  entered  in  the  register. 


CP  Clock  pulse  for  the  register.  Enters  data  on  the  positive 
transition. 

Qj   The  TRUE  register  outputs. 

Qj   The  complement  register  outputs. 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Clear 

Clock 

Di 

O-i 

Qi 

L 

X 

X 

L 

H 

H 

L 

X 

NC 

NC 

H 

H 

X 

NC 

NC 

H 

t 

L 

L 

H 

H 

t 

H 

H 

L 

H  =  HIGH  X  =  Don't  Care 

L  =  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  Transition 

Note:  Qi  on  Am25LS1 75  only. 

Q;  on  Am54LS/74LS1  75  only. 
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APPLICATION 


IN  C 

IN  0 


Am4O55/5055 
QUAD  128  BIT 
STATIC  SHIFT 
REGISTER 


OUT  A 
OUT  B 
OUT  C 
OUT  D 


Qo 

°t 

5  „ 

°2 

D3 

°3 

CP 

CL 

CLOCK  1  - 
CLEAR  1  ■ 


CP  CL 


CLOCK  7  ■ 
CLEAR  2  ■ 


CP  CL 

"1  9 


CLOCK  3  - 
CLEAR  3  - 


Low-Power  Schottky  registers  interface  directly  with  many  MOS  shift  registers. 


Metallization  and  Pad  Layouts 


'LS174 


'LS175 


-16  vcc 

-15  Q5 

-14  D5 

-  13  D4 

-12  Q4 

-11  D3 

-10  Q3 

-9  CP 


E  1 
Qq  2 


16  «cc 
IS  Q3 


DIE  SIZE  0.075"  X  0.084" 


DIE  SIZE  0.075"  X  0.061" 
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Four-Bit  Arithmetic  Logic  Unit/Function  Generator 


DISTINCTIVE  CHARACTERISTICS 

Performs  16  arithmetic  operations  including  add,  subtract, 
double  and  compare 

Fi|ill  look-ahead  capability  for  high  speed  arithmetic  oper- 
at  on  on  long  words 

Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 
Higher  speed 
50mV  lower  Vol 

Twice  the  fan-out  over  military  range 
440/iA  source  current 
100%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS181  is  a  4-bit,  high-speed  parallel  Arithmetic 
Logic  Unit  (ALU)/Digital  Function  Generator.  When  the  mode 
control  (M)  is  LOW  the  16  arithmetic  operations  are  performed 
under  the  control  of  the  four  select  inputs.  When  the  mode 
control  is  HIGH  the  sixteen  logic  operations  are  performed  on 
an  individual  bit  basis  between  the  two  4-bit  parallel  words 
under  the  control  of  the  four  select  inputs. 

An  internal  full  look-ahead  carry  scheme  is  used  for  high-speed 
arithmetic  operations  and  provision  is  made  for  further  look- 
ahead  by  including  both  carry  propagate  (P)  and  carry  generate 
(Gl  outputs. 

An  open  collector  output  A  =  B  is  used  to  signal  the  equiva- 
of  the  two  parallel  words.  The  open  collector  feature 


lence 

allows  for  the  equivalence  function  to  be  expanded  as  a 
-AND  connection  for  larger  word  lengths. 

In  many  systems,  the  carry  output  Cn+4  is  connected  to  the 
next  higher  Cn  to  provide  ripple  block  arithmetic.  The  ALU. 
can  be  used  with  either  active  HIGH  or  active  LOW  inputs  and 
can  be  ripple  expanded  or  full  look-ahead  expanded  in  either 
mode.  The  connection  pattern  is  identical  for  either  logic 
representation. 

The  Am54LS/74LS181  is  a  standard  performance  version  of 
the  Am25LS181.  See  appropriate  electrical  characteristic 
tables  for  detailed  Am25LS  improvements. 


CONNECTION  DIAGRAM 
Top  View 


H2       B2       M3  H3 


*.1     8,      0    C-+a     P     A-B  F, 


nnnnnnnnnnnn 


24      23     22     21     20     19      18      17     16     15     14  13 


2       3       4       5       6  7 


10      11  12 


uuuuuuuuuuuu 

80     A0     S3     S2     S,      Sq     Cn      M      Fq     F  j     F2  GND 
Note:  Pin  1  is  marked  for  orientation. 


LOGIC  DIAGRAM 


LOGIC  SYMBOLS 

ACTIVE  LOW 
2     1       23   22     21    20     19  18 

u  u  u  u 


1   ?   ?  T 


ACTIVE  HIGH 
2     1       23  22     21    20     19  18 


16 


cn+4 
A  =  B 

G  0—17 


VCC  =  Pin  24 
3       GND  =  Pin  1  2 
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Am25LS181 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C               Vcc  =  5.0V  i  5%          |MIN.  =  4.75V  MAX.  =  5.25V) 

MIL            TA  =  -55°C  to  +125°C        Vcc  =  5.0V  ±  1 0%        (MIN.  =  4.50V  MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 


Test  Conditions  (Note  i) 


Miirt. 


Typ. 

(Note  2) 


Max.  Units 


V0H 

Dutput  HIGH  Voltage 
Except  A  =  B  Output) 

VCC  =  MIN.,  I0H  =  -440*iA 
V|N  '  V|H  or  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

3utput  LOW  Voltage 

VCC  =  MIN. 

V|N  *  VIH  or  V|L 

Iql  =  4mA 

0.4 

Volts 

Iql  =  8mA 

0.45 

G,  lOL  =  16mA 

0.55 

VIH 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage 
for  all  inputs 

2.0 

Volts 

VlL 

nput  LOW  Level 

Guaranteed  input  logical  LOW  voltage 
for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

nput  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

'OH 

Output  HIGH  Current 
for  A  =  B  Output 

VCC  =  MIN.,  V0H  =  5.5V 
V|N  =  V|H  or  V|L 

100 

HA 

IlL 

nput  LOW  Current 

Vcc  ■  MAX.,  V,N  «  0.4V 

M 

-0.36 

mA 

A~j  orfj. 

-1.08 

Si 

-1.44 

Cn 

-2.0 

1 1 H 

Input  HIGH  Current 

VCc  *  MAX.,  V|N  =  2.7V 

M 

20 

uA 

Aj  or  Bj 

60 

Si 

80 

Cn 

100 

l| 

VCC  =  MAX.,  V|N  -  5.5V 

M 

0.1 

mA 

Input  HIGH  Current 

Aj  or  Bj 

0.3 

Si 

0.4 

Cn 

0.5 

•sc 

Output  Short  Circuit  Current 
(Note  3)  (Except  A  ■=  B  Output) 

Vcc  =  MAX. 

-15 

-85 

mA 

<cc 

Power  Supply  Current  (Note  4) 

VCC  =  MAX. 

A 

MIL 

20 

32 

mA 

COM'L 

20 

34 

B 

MIL 

21 

35 

COM'L 

21 

37 

Motes:    1.    For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typ  cal  limits  are  at  V^c  ~  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
4-    'CC  's  measured  under  two  conditions  —  typ.  and  max.  apply  to  both. 

A.   Sj,  M,  A,  at  4.5V;  all  other  inputs  grounded;  outputs  open. 
,  M  at  4.5V;  all  other  inputs  grounded;  outputs  open. 

Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65"Cto+150  C 


Temperature  (Ambient)  Under  Bias 


-55"C  to +125  C 


Supply  Voltage  to  Ground  Potential  (Pin  24  to  Pin  12)  Continuous 


-0.5V  to+7V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to+5.5V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input  Current 


-30mA  to  +5.0mA 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C  Vcc  =  5.0V  ±  5%  (MIN.  =  4.75V    MAX.  =  5.25V) 

MIL  TA  =  -55°Cto+125°C         VCC  =  5.0V  ±  10%        (MIN.=4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 


Description 


Test  Conditions  (Note  D 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


Output  HIGH  Voltage 
(Except  A  =  B  Output) 

VCC  =  MIN.,  I0H  "  -400mA 
V|N  =  V|HorV|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|Hor  V,L 

All  outputs,  Iol  =  4mA 

0.25 

0.4 

Volts 

Am74LS  only 

All  outputs,  Iql  =  8mA 

0.35 

0.5 

G,  Iol  =  16  mA 

0.47 

0.7 

F,  Iql  =  8mA 

0.35 

0.6 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW  voltage 
for  all  inputs 

MIL 

0  7 

Volts 

COM'L 

0.8 

VCC  =  MIN.,  I|N  =  -18mA 

—1  5 

Volts 

"OH 

Output  HIGH  Current 
for  A  =  B  Output 

Vcc  =  MIN-  vOH  =  5.5V 
VIN  -  V|H  or  V|L 

100 

MA 

l|L 

Input  LOW  Current 

Vcc  =  MAX.,  V|N  "  0.4V 

M 

—0  36 

mA 

Aj  or  Bj 

—  1  08 

Si 

-1.44 

Cn 

—2.0 

hH 

Input  HIGH  Current 

Vcc  =  MAX.,  V|fyj  =  2.7V 

M 

20 

MA 

Aj  or  Bj 

60 

s, 

80 

Cn 

100 

M 

Input  HIGH  Current 

VCC  "  MAX„  V|N  -  5.5V 

M 

0.1 

mA 

Aj  or  Bj 

0.3 

Si 

0.4 

Cn 

0.5 

'SC 

Output  Short  Circuit  Current 
(Note  3)  (Except  A  =  B  Output) 

VCC  =  MAX. 

-15 

-100 

mA 

•cc 

Power  Supply  Current  (Note  4) 

VCC  -  MAX. 

A 

MIL 

20 

32 

mA 

COM'L 

20 

34 

B 

MIL 

21 

35 

COM'L 

21 

37 

1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^rj  =  5.0V,  25  C  ambient  and  maximum  loading. 

3-   Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
'CC  is  measured  under  two  conditions  —  typ.  and  max.  apply  to  both. 

A.  Sj,  M,  Aj  at  4.5V;  all  other  inputs  grounded;  outputs  open. 

B.  Sj,  M  at  4.5V;  all  other  inputs  grounded;  outputs  open. 
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Am25LS181 
SWITCHING 

(TA  -  25°C, 
(CL  =  15pF 
Parameter 


vCc 

RL 


•  Am54LS/74LS181 
CHARACTERISTICS 

5.0V) 
=  2.0kn) 
From  (Input)       To  (Output) 


Am25LS181 
Min.     Typ.  Max. 


Am54LS/74LS181 
Min.     Typ.  Max. 


Units 


Test  Conditions 


<PLH 


«PHL 


25 
14 


18 
13 


27 


20 


*PLH 


'PHL 


Cn 


19 


26 


M  =  0V 

(SUM  or  DIFF  mode) 


'PLH 


19 


29 


tPH  L 


M  =  0V, 

S1  =s2 


S0=S3  =  4.5V, 
•  0V  (SUM  mode) 


'PLH 


«PHL 


A;  or  B 


25 


26 


M  =  0V, 
S,  =S2 


s0  =  s3  -  ov, 

=  4.5V  (DIFF  mode) 


«PLH 


«PHL 


Aj  or  B 


26 


20 


30 


26 


20 


M  =  OV, 

s,  =s2 


S0  =  S3  =  4.5V, 
»  OV  (SUM  mode) 


'PLH 


'PHL 


26 


M  =  OV, 

S1  =s2 


S0-S3  =  0V, 

=  4.5V  (DIFF  mode) 


«PLH 


'PHL 


ft  (i  >  i) 


M  *  OV, 
S,  =S2 


S0  =  S3  =  4.5V. 
-  OV  (SUM  mode) 


*PLH 


'PHL 


ft  (j  >  i) 


M  =  OV, 
S,  =  S2 


S0  =  S3  =  OV. 

=  4.5V  (DIFF  mode) 


A,  or  B 


M  m  4.5V  (LOGIC  model 


'PLH 


'PHL 


Cn+4 


33 


38 


31 


38 


M  =  OV,  S0  =  S3  =  4.5V, 
Si  =  S2  =0V  (SUM  mode) 


'PLH 


'PHL 


A,  or  B; 


Cn+4 


35 


35 


27 


M  =  OV,  S0  =  S3  =  OV, 

Si  =S2  =  4.5V  (DIFF  mode) 


«PLH 


'PHL 


A,  or  B 


50 


33 


62 


M  =  OV,  S0  =  S3  =  OV. 

Si  -  S2  -  4.5V  (DIFF  mode) 


«PLH 


'PHL 


Aj  or  B 


Si  =S2  =  M  =  OV 

So  =  S3  -  4.5V  (SUM  mode) 


'PLH 


«PHL 


A,  or  B 


Fi+i 


50  =  S3  =  M  =  OV 

51  =S2=4.5V  (DIFF  mode) 





OPERATION  TABLE 


SELECTION 

ACTIVE-HIGH  DATA 

ACTIVE-LOW  DATA 

M  "  H 
Logic 
Functions 

M  =  L;  Arithmetic  Operations 

M  =  H 
Logic 
Functions 

M  =  L;  Arithmetic  Operations 

Cn  =  H 
(No  Carry) 

C„  =  L 
(With  Carry) 

Cn  =  L 
(No  Carry) 

Cn  =  H 
(With  Carry) 

S3  S2  Si  s 

D 

L     L     L  L 

F  =  A 

F  =  A 

F  =  A  Plus  1 

F  =  A 

F  =  A  Minus  1 

F  =  A 

L     L     L  H 

F  -  A  +  B 

F  »  A  +  B 

F  =  (A  +  B)  Plus  1 

F  =  AB 

F  =  AB  Minus  1 

F  =  AB 

L     L     H  L 

F  =  AB 

F  =  A  +  B 

F  =  (A  +  B)  Plus  1 

F  =  A  +  B 

F  =  AtF  Minus  1 

F  =  AB 

L     L     H  H 

F  =  0 

F  m  Minus  1  (2's  Compl.) 

F  =  Zero 

F  =  1 

F  =  Minus  1  (2's  Compl.) 

F  =  Zero 

L     H     L  L 

F  =  AB 

F  =  A  Plus  AB 

F  =  A  Plus  AB  Plus  1 

F  -  A  +  B 

F  =  A  Plus  (A  +  B) 

F  =  A  Plus  (A  +"B)  Plus  1 

L     H     L  H 

F  =  B 

F=  (A  +  B)  PlusAB 

F  =  (A  +  B)  Plus  AB  Plus  1 

F  =  B 

F  =  AB  Plus  (A  +  B) 

F  =  AB  Plus  (A  +  B)  Plus  1 

L     H     H  L 

F=AaB 

F  =  A  Minus  B  Minus  1 

F  =  A  Minus  B 

F  =  KTB 

F  =  A  Minus  B  Minus  1 

F  =  A  Minus  B 

L     H     H  H 

F  -  AB 

F  =  AB  Minus  1 

F  =  AB 

F  -  A  +  B 

F  =  A  +  B 

F  =  (A  +  B)  Plus  1 

H     L     L  L 

F  =  A  +  B 

F  =  A  Plus  AB 

F  =  A  Plus  AB  Plus  1 

F  -  AB 

F  -  A  Plus  (A  +  B) 

F  =  A  Plus  (A  +  B)  Plus  1 

H     L     L  H 

F  -  A"s~B 

F  =  A  Plus  B 

F  =  A  Plus  B  Plus  1 

F  =  A  *  B 

F  =  A  Plus  B 

F  =  A  Plus  B  Plus  1 

H     L     H  L 

F  =  B 

F  =  (A  +  B)  PlusAB 

F  =  (A  +  B)  Plus  AB  Plus  1 

F  =  B 

F  =  AlPlus  (A+BI 

F  =  AB  Plus  (A  +  B)  Plus  1 

H     L     H  H 

F  =  AB 

F  =  AB  Minus  1 

F  =  AB 

F  --  A  i  B 

F  =  A  +  B 

F  =  (A  +  B)  Plus  1 

H     H     L  L 

F  -  1 

F  =  A  Plus  A* 

F  =  A  Plus  A  Plus  1 

F  -  0 

F- A  Plus  A* 

F  =  A  Plus  A  Plus  1 

H     H     L  H 

F  =  A  +  B 

F  =  (A  +  B)  Plus  A 

F  =  (A  +  B)  Plus  A  Plus  1 

F  =  A  ES 

F  =  ABPIusA 

F  =  AB  Plus  A  Plus  1 

H    H     H  L 

F  =  A  +  B 

F  =  (A  +  ¥)  Plus  A 

F  «  (A  +"B)  Plus  A  Plus  1 

F  -  AB 

F  -  AB  Plus  A 

F  =  a¥PIus  A  Plus  1 

H    H     H  H 

F  =  A 

F  =  A  Minus  1 

F  =  A 

F  -  A 

F  A 

F  =  A  Plus  1 

Each  bit  is  shifted  to  the  next  more  significant  position. 
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(CL  =  5( 
Parame 

)pF,  RL  =  2.0klJ) 

ters    From  (Input)  To  (Output) 

Vcc  =  5.0V  ±5% 
Min.  Max. 

Vcc  =  5.0V  ±10% 
Min.  Max. 

Units        Test  Conditions 

*PLH 

Cn 

cn+4 

37 

42 

ns 

*PHL 

22 

26 

tpLH 

Cn 

Fi 

29 

33 

ns 

M  =  0V 
(SUM  or  D1FF  mode) 

*PHL 

28 

32 

*PLH 

Aj  or  B| 

G 

37 

42 

ns 

M  =  0V,  S0  =  S3  =  4.5V, 
S,  =  S2  =  0V  (SUM  mode) 

*PHL 

34 

39 

tpLH 

Aj  or  B-, 

G 

37 

42 

ns 

M  =  0V,  S0  =  S3  =  0V, 
St  =  S2  =  OV  (DIFF  mode) 

tpHL 

37 

42 

tpLH 

A,  or  B, 

P 

38 

44 

ns 

M  =  OV,  S„  =  S3  =  4.5V, 
S,  =  S2  =  OV  (SUM  mode) 

*PHL 

38 

44 

*PLH 

Aj  or  B; 

P 

38 

44 

ns 

M  =  OV,  S0  =  S3  =  4.5V, 
S,  =  S2  =  4.5V  (DIFF  mode) 

*PHL 

38 

44 

*PLH 

A,  or  B, 

Fi  (i  &  i) 

41 

47 

ns 

M  =  OV,  S0  =  S3  =  4.5V, 
S,  =  S2  =  OV  (SUM  mode) 

tpHL 

29 

33 

*PLH 

A|  or  Bj 

Fi  (j  *  i) 

43 

50 

ns 

M  =  OV,  S0  =  S3  =  OV, 
S,  =  S2  =  4.5V  (DIFF  mode) 

*PHL 

29 

33 

tpLH 

A,  or  Bj 

?i 

44 

51 

ns 

M  =  4.5V  (LOGIC  mode) 

tpHL 

37 

42 

*PLH 

A|  or  B, 

Cn+4 

47 

54 

ns 

M  =  OV,  S0  =  S3  4.5V, 
St  =  S2  =  OV  (SUM  mode) 

*PHL 

44 

51 

tpLH 

A,  or  B, 

cn+4 

50 

57 

ns 

M  =  OV,  S0  =  S3  OV, 
S,  =  S2  =  4.5V  (DIFF  mode) 

*PHL 

50 

57 

*PLH 

A(  or  B, 

A  =  B 

69 

80 

ns 

M  =  OV,  S0  =  S3  =  OV, 
S,  =  S2  =  4.5V  (DIFF  mode) 

*PHL 

62 

72 

tpLH 

A,  or  Bj 

Fi+1 

51 

59 

ns 

S,  =  S2  =  M  =  OV, 
S0  =  S3  =  4.5V  (SUM  mode) 

*PHL 

69 

80 

tpLH 

A,  or  Bj 

Fi  +  1 

51 

59 

ns 

S0  =  S3  =  M  =  OV, 
S,  =  S2  =  4.5V  (DIFF  mode) 

*PHL 

69 

80 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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DEFINITION  OF  FUNCTIONAL  TERMS 

Ao,  Ai,  A2,  A3  The  A  data  inputs. 

Bo,  Bi,B2,  B3  The  B  data  inputs. 

So,  Si,  S2,  S3  The  control  inputs  used  to  determine  the 
arithmetic  or  logic  function  performed. 

Ff).  Fl.  ^2.  ^3  The  data  outputs  of  the  ALU. 

M   The  mode  control  inputs  used  to  select  either  the  arith- 
metic or  logic  operations. 
Cn  The  carry-in  input  of  the  ALU. 

Cn+4  The  carry-look-ahead  output  of  the  four-bit  input  field. 
G  The  carry-generate  output  for  use  in  multi-level  look- 
ahead  schemes. 

P  The  carry-propagate  output  for  use  in  multi-level  look- 
ahead  schemes. 

A  =  B  The  open  collector  comparator  output  that  can  be  used 
to  determine  equivalence.  This  output  is  HIGH  whenever  the 
four  F  outputs  are  HIGH. 


USER  NOTES 

1.  Throughout  this  data  sheet,  the  active  LOW  input  and 
output  terminology  has  been  used.  For  the  active  HIGH 
definition,  the  nomenclautre  shown  under  the  active 
HIGH  logic  symbol  should  be  substituted. 

2.  Arithmetic  operations  are  performed  on  a  word  basis. 

3.  Logic  operations  are  performed  on  a  bit  basis. 

4.  Arithmetic  in  1's  complement  notation  requires  an  end 
around  carry. 

5.  Subtraction  in  2's  complement  notation  requires  a  carry 
in  (Cn  =  HIGH)  for  the  active  LOW  case  and  (Cn  =  LOW) 
for  the  active  HIGH  case. 

6.  The  A  =  B  output  only  indicates  that  the  four  F  outputs 
are  all  HIGH. 


LOW  POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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DIFF  MODE  TEST  TABLE 

FUNCTION  INPUTS:  Si  =  S2  =  4.5V,  Sq  =  S3  =  M  =  OV 

Parameter 

Under  Test 

Other  Input 
Same  Bit 

Other  Data  Inputs 

Output 
Under  Test 

Output 
Waveform 

Apply  4.5V  |   Apply  OV 

Apply  4.5V 

Apply  OV 

<PLH 
'PHL 

Ai 

None 

Bi 

Remaining  A 

Remaining  B,  Cn 

ln- 
Phase 

•PLH 
'PHL 

Bi 

Aj 

None 

Remaining  A 

Remaining  B,  Cn 

h 

Out-ot- 
Phase 

'PLH 
'PHL 

a. 

None 

% 

None 

Remaining  A  and  B,  Cn 

p 

In- 
Phase 

'PLH 

Bi 

Aj 

None 

None 

Remaining  A  and  B,  Cn 

P 

Out-of- 
Phase 

'PLH 
'PHL 

*i 

Bi 

None 

None 

Remaining  A  and  B,  Cn 

G 

In- 
Phase 

'PLH 
'PHL 

Bi 

None 

Aj 

None 

Remaining  A  and  B,  Cn 

G 

Out-of- 
Phase 

'PLH 
«PHL 

Ai 

None 

Bj 

Remaining  A 

Remaining  B,  Cn 

A  =  B 

Ill- 
Phase 

'PLH 
'PHL 

Bi 

Ai 

None 

Remaining  A 

Remaining  B,  Cn 

A  -  B 

OUT-Of- 

Phase 

«PLH 
«PHL 

Aj 

Bi 

None 

None 

Remaining  A  and  B,  Cn 

Cn+4 

Out-of- 
Phase 

'PLH 
'PHL 

Bi 

None 

Ai 

None 

Remaining  A  and  B,  Cn 

Cn+4 

In- 
Phase 

'PLH 
'PHL 

c„ 

None 

None 

All  A  and  B 

None 

Any  F 
or  Cn+4 

In- 
Phase 

SUM  MODE  TEST  TABLE 

FUNCTION  INPUTS:  Sq  =  S3  =  4.5V,  Si  =  S2  =  M  =  OV 

Parameter 

Input 
Under  Test 

Other  Input 
Same  Bit 

Other  Data  Inputs 

Output 
Under  Test 

Output 
Waveform 

Apply  4.5V 

Apply  OV 

Apply  4.5V 

Apply  OV 

'PLH 
«PHL 

Ai 

Bj 

None 

Remaining  A  and  B 

Cn 

F"i 

In- 
Phase 

'PLH 
•PHL 

I; 

A; 

None 

Remaining  A  and  B 

Cn 

Fi 

In- 
Phase 

'PLH 
'PHL 

Ai 

Bj 

None 

None 

Remaining  A  and  B,  Cn 

P 

ln- 
Phase 

'PLH 
'PHL 

Bi 

Ai 

None 

None 

Remaining  A  andB.Cn 

P 

In- 
Phase 

'PLH 
«PHL 

Aj 

None 

Bi 

Remaining  B 

Remaining  A,  Cn 

G 

ln- 
Phase 

•PLH 
•PHL 

Bi 

None 

Aj 

Remaining  B 

Remaining  A,  Cn 

G 

In- 
Phase 

«PLH 
•PHL 

Ai 

None 

Bj 

Remaining  B 

Remaining  A,  Cn 

Cn+4 

Out-of- 
Phase 

'PLH 
'PHL 

Bi 

None 

Aj 

Remaining  B 

Remaining  A,  Cn 

Cn+4 

Out-of- 
Phase 

»PLH 
'PHL 

Cn 

None 

None 

All  A 

All  B 

Any  F 
or  Cn+4 

In- 
Phase 

LOGIC  MODE  TEST  TABLE 

FUNCTION  INPUTS:  Si  =  S2  =  M  =  4.5V,  S0  =  S3  =  OV 

Parameter 

Input 
Under  Test 

Other  Input 
Same  Bit 

Other  Data  Inputs 

Output 
Under  Test 

Output 
Waveform 

Apply  4.5V 

Apply  OV 

Apply  4.5V 

Apply  OV 

«PLH 
«PHL 

Ai 

Ij 

None 

None 

Remaining  A  and  B,  Cn 

F| 

Out-of- 
Phase 

«PLH 
«PHL 

Bi 

Ai 

None 

None 

Remaining  A  and  B,  Cn 

Fi 

Out-of- 
Phase 
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H  =  ADD 
L -  SUBTRACT 


APPLICATIONS 


CP  Q 
CLfl 


A„  S0    A,  8,    A2  82     A3  B3 


1 


A«  a4      A5  B5     A6  B6     AJ  B7 


Ag  Bq    A,  B,    a2  b2    a3  E 


1 


A9  B9    A,0  B10  A„  B,, 


AQ  BQ     A,    B,     A2  B2     A3  93 


"1 


V0       Y,       Yj       Y3  A-B  Y«       Y6       Y,  Y, 

12-BIT  ADDER/SUBTRACTOR  (2"s  COMPLEMENT) 


Y8      "9      y10  V 


FUNCTION  TABLE 
A  =  Active  HIGH       B  =  Active  LOW 


If  one  input  is  defined  active— HIGH  and  the  second  input 
is  defined  active— LOW,  the  sixteen  arithmetic  and  logic 
functions  of  the  ALU  are  reordered  as  shown  in  the 


function 


table. 


4  B:T 
ALU 
SELECT 


So 

s 

s: 

s3 

Arithmetic  (M  =  L,  C„  =H) 

Logic  (M  =  H) 

L 

L 

L 

L 

A 

A 

H 

L 

L 

L 

A  +  B 

AB 

L 

H 

L 

L 

A  +  B 

AB 

H 

H 

L 

L 

minus  1  (2's  comp.) 

Logic  '0' 

L 

L 

N 

L 

A  plus  AB 

AB 

H 

L 

H 

L 

AB  plus  [A  +  B] 

B 

L 

H 

H 

L 

A  plus  B 

A  ©  B 

H 

H 

H 

L 

AB  minus  1 

AB 

L 

L 

L 

H 

A  plus  AB 

A  +  B 

H 

L 

L 

H 

A  minus  B  minus  1 

A  ©  B 

L 

H 

L 

H 

AB  plus  (A  +  B] 

B 

H 

H 

L 

H 

AB  minus  1 

AB 

L 

L 

H 

H 

A  plus  A  (2  x  A) 

Logic  '1' 

H 

L 

H 

H 

A  plus  [A  +  BJ 

A  +  B 

L 

H 

H 

H 

A  plus  [A  +  B] 

A  +  B 

H 

H 

H 

H 

A  minus  1 

A 

L  =  Low 
H  =  High 


Voltage 
Voltage 


Level 
Level 


Metallization  and  Pad  Layout 


DIESIZE:  0.078"  X  0.092" 
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Am25LS1 90  •  Am54LS/74LS1 90 
Am25LS191  •  Am54LS/74LS1 91 

Synchronous  Counters  With  Up/Down  Mode  Control 


DISTINCTIVE  CHARACTERISTICS 

•  Single  up/down  countline 

•  Parallel  load  inputs  and  parallel  count  outputs 

•  Ripple  clock  output  for  cascading 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440/jA  source  current 

•  1 00%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS190  and  Am25LS191  are  BCD  and  binary 
synchronous  up/down  counters.  The  counter  flip-flops  are 
triggered  on  the  LOW-to-HIGH  transition  of  the  clock  input 
if  the  enable  input  is  LOW.  If  the  enable  input  is  HIGH, 
counting  is  inhibited. 

The  direction  of  the  count  sequence  is  controlled  by  the 
up/down  input.  When  the  up/down  input  is  LOW,  the  counter 
will  count  up.  When  the  up/down  input  is  HIGH,  the  counter 
will  count  down. 


LOW, 


The 
the 
is 
data 

The 

cycle 


load 


ripple 
counter 
output 
is  used 
look 


input  is  used  to  asynchronously  jam  new  data  into 
counter  via  the  parallel  data  inputs.  When  the  load  input 
the  counter  flip-flop  outputs  will  follow  the  parallel 
inputs  regardless  of  the  clock  input. 

/min.  count  output  is  HIGH  for  a  complete  clock 
when  the  counter  overflows  (binary  9  or  binary  15)  or 
underflows  (binary  0).  The  ripple  clock  output  is  LOW  for  the 
>art  of  the  clock  cycle  when  the  overflow  or  underflow 
condition  exists.  The  counters  are  cascaded  by  connecting  the 
clock  output  to  the  enable  input  of  the  succeeding 
when  parallel  counting,  or  connecting  the  ripple  clock 
to  the  clock  input  when  the  parallel  enable  connection 
.  The  min./max.  count  output  is  used  in  high-speed 
ahead  connection  schemes. 


The  Am54LS/74LS190  and  191  are  standard  performance  ver- 
sions of  the  Am25LS190  and  191.  See  appropriate  electrical 
characteristic  tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAMS 
Am25LS190  Decade  Counter 


CONNECTION  DIAGRAM  -  Top  View 


LOGIC  SYMBOL 


15       1  10 


LOAD 
CLOCK 


GND  -  Pin  8 


Note:    Pin  1  is  marked  for  orientation. 
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ELECTRICAL  CHARACTERISTICS  Am25LS190  •  Am25LS191 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°Cto+70°C  VCC  =  5-"V  ±  5%  (MIN.  =  4.75V    MAX.  =  5.25V) 

MIL  TA  = -55°C  to +125°C        VCC  =  5.0V+10%        (MIN.  =4. 50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  loH  =  -440mA 

MIL 

2.5 

3.4 

Volts 

VIN  =  V|H  or  Vil 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  M1N. 

|QI_  =  4mA 

0.2 

0.4 

Volts 

V|N  =  V|Hor  V|L 

Iql  =  8mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Gusranteed  input  logi ca I  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

1 1!_ 

Input  LOW  Current 

VCC  »  MAX.,  V|N  -  0.4V 

Enable  G 

-1.08 

mA 

Others 

-0.36 

l|H 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

Enable  G 

60 

MA 

Others 

20 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  -  7.0V 

Enable  G 

0.3 

mA 

'l 

Others 

0.1 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

>CC 

Power  Supply  Current 

VCC  =  MAX- 
(Note  4) 

20 

35 

mA 

Notes:   1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  AM  inputs  grounded  and  all  outputs  open. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temp< 

rature 

-  65°C  to  +150° C 

Temperature  I 

Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltag 

e  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5Vto+7.0V 

DC  Voltage  A 

jplied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +Vccmax- 

DC  Input  Volt 

age 

-0.5V  to  +  7.0V 

DC  Output  Cu 

rrent.  Into  to  Outputs 

30  mA 

DC  Input  Curr 

ent 

-30mA  to  5.0mA 
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DC  CHARACTERISTICS  OVER  OPERATING  RANGE 
Parameters  Description  Test  Conditions  (Note  D 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  loH  =  -400mA 
V|N  =  VmorV|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|H  or  V|L 

All  Iql  "  4.0mA 

0  25 

0  4 

Volts 

Am74LS.  I0L  =  8.0mA 

0  35 

0  5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0  7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N=  -18mA 

-1.5 

Volts 

>IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

Enable  G 

—1.08 

mA 

Others 

-0.4 

■  I H 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  -  2.7V 

Enable  G 

60 

MA 

Others 

20 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

Enable  G 

0.3 

mA 

Others 

0.1 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-100 

mA 

'cc 

Power  Supply  Current 

VCC  =  MAX. 
(Note  4) 

20 

35 

mA 

Notes:  1 
2 
3 
4 

SWITC 

For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  V^c  -  5.0V,  25°  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
All  inputs  grounded  and  all  outputs  open. 

HINfi  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 
Parameters  Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units           Test  Conditions 

«PLH 

Load  to  Q 

22 

33 

22 

33 

ns 

CL  =  15pF 
RL  -  2.0kf! 

•PHL 

26 

39 

33 

50 

•PLH 

A,  B,  C,  D  to  QA,  Qrj. 
QC,  Qq  Respectively 

14 

22 

20 

32 

ns 

'PHL 

24 

39 

27 

40 

«PLH 

Clock  to  Ripple  Clock 

11 

18 

13 

20 

ns 

'PHL 

15 

21 

16 

24 

'PLH 

Clock  to  Q 

14 

21 

16 

24 

ns 

«PHL 

21 

30 

24 

36 

«PLH 

Clock  to  Min. /Max. 

26 

39 

28 

42 

ns 

•PHL 

27 

39 

37 

52 

•PLH 

Up/Down  to  Ripple  Clock 

30 

45 

30 

45 

ns 

«PHL 

30 

45 

30 

45 

«PLH 

Up/Down  to  Min./Max. 

21 

33 

21 

33 

ns 

'PHL 

22 

33 

22 

33 

*PLH 

Enable  to  Ripple  Clock 

12 

19 

21 

33 

ns 

«PHL 

17 

27 

21 

33 

*max 

Max.  Clock  Frequency  (Note  1) 

25 

30 

20 

25 

MHz 

'pw 

Clock  Pulse  Width 

25 

25 

ns 

*pw 

Load  Pulse  Width 

25 

35 

ns 

<s 

Data  Set-up  Time 

12 

20 

ns 

's 

Count  Enable 

30 

40 

ns 

'h 

Data  Hold  Time 

0 

0 

ns 

tr 

MR  —  CP 

20 

ns 

Note  1 .  Per  industry  convention,  fm3X  is  the  worst  case  value  of  the  maximum  device  opera  ting  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 
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vCC  = 

5.0V  ±5% 

Vcc  =  5.0V  ±10% 

Parameter 

s  Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

*PLH 

Load  to  Q 

47 

54 

ns 

*PHL 

55 

63 

tpLH 

A,  B,  C,  D  to  QA,  QB 

33 

38 

ns 

tpHL 

Qc-  Qd  Respectively 

55 

63 

*PLH 

Clock  to  Ripple  Clock 

28 

32 

ns 

tpHL 

31 

36 

*PLH 

Clock  to  Q 

31 

36 

ns 

lPHL 

43 

50 

*PLH 

Clock  to  Min./Max. 

55 

63 

ns 

*PHL 

55 

63 

*PLH 

Up/Down  to  Ripple  Clock 

63 

72 

ns 

RL  =  2.0kfi 

*PHL 

63 

72 

CL  =  50pF 

*PLH 

Up/Down  to  Min./Max. 

47 

54 

ns 

*PHL 

47 

54 

*PLH 

Enable  to  Ripple  Clock 

29 

33 

ns 

tpHL 

39 

45 

'max 

Maximum  Clock  Frequency  (NoteD 

19 

16 

ns 

tpw 

Clock  Pulse  Width 

37 

42 

ns 

tpw 

Load  Pulse  Width 

37 

42 

ns 

ts 

Data  Set-up  Time 

20 

23 

ns 

ts 

Count  Enable 

39 

45 

ns 

th 

Data  Hold  Time 

4 

5 

ns 

tr 

MR  -  CP 

30 

35 

ns 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS190/191 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B,  C,  D  The  four  parallel  data  inputs  to  the  counter 
flip-flops. 

QaL  Qb>  0-c>  O-D  The  four  outputs  of  the  counter. 

Clock  The  clock  input  causes  the  counter  to  change  state 

in  the  count  mode.  The  counter  flip-flops  trigger  on  the 

LOW-to-HIGH  transition  of  the  clock. 

Enable  The  enable  input  can  be  used  to  enable  or  inhibit 

counting.  When  the  enable  input  is  HIGH,  counting  is 

inh  bited. 

Up/Down  The  up/down  input  controls  the  direction  of  the 


count  sequence.  When  the  up/down  input  is  LOW,  the 
counter  will  count  up  (positive  logic  definitions). 
Load  The  load  input  is  used  to  parallel  enter  new  data  via 
the  A,  B,  C  and  D  inputs.  When  the  load  input  is  LOW,  the 
counter  will  follow  the  parallel  inputs  regardless  of  the 
clock  input. 

Min./Max.  The  min. /max.  output  is  HIGH  when  the  counter 
is  in  either  the  overflow  or  underflow  state. 
Ripple  Clock  The  ripple  clock  output  is  LOW  when  the 
counter  is  in  either  the  overflow  or  underflow  state  and 
the  clock  is  LOW. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Clock 

Up/Dn 

Enable 
G 

A 

B 

c 

D 

Load 

Qa 

Ob 

Qc 

Qd 

Min./ 
Max. 

Ripple 
Clock 

COMMENTS 

X 

X 

H 

X 

X 

X 

X 

H 

NC 

NC 

NC 

NC 

NC 

NC 

Inhibit 

X 

X 

X 

L 

L 

L 

L 

l_ 

L 

L 

L 

L 

H 

CK 

Underflow 

X 

X 

X 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

CK 

191  Overflow 

X 

X 

X 

H 

L 

L 

H 

L 

H 

L 

L 

H 

H 

CK 

190  Overflow 

X 

X 

X 

L 

H 

L 

H 

L 

L 

H 

L 

H 

L 

H 

Examples  of  no  Overflow 

X 

X 

X 

H 

L 

H 

L 

L 

H 

L 

H 

L 

L 

H 

or  Underflow 

1 

L 

L 

X 

X 

X 

X 

H 

Count  Up 

A/R 

A/R  & 
CK 

Count  Up 

t 

H 

L 

X 

X 

X 

X 

H 

Count  Down 

A/R 

A/R  & 
CK 

Count  Down 

H  =  HIGH  NC  =  No  Change 

L  =  LOW  CK   =  LOW  if  Clock  is  LOW,  HIGH  if  Clock  is  HIGH 

X  =  Don't  Care  A/R  =  Assumes  State  Required  by  Counter  Output 
f  -  LOW-to-HIGH  Transition 
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APPLICATIONS 


UP/DOWN 
ENABLE 


D0    D,     D2  D3 
1       1       1  1 

D4     D5    D6  D7 

1    1    1  1 

°8     D9    D10  D11 

I    I    I  I 

A       B       C  D 
LOAD 
ENABLE 

UP/DOWN  RIPPLE 
CLOCK  CLOCK 
°A    QB    QC  QD 

A       B       C  □ 
LOAD 
ENABLE 

UP/DOWN  RIPPLE 
CLOCK  CLOCK 
0A     °B     QC  QD 

A      B       C  D 
LOAD 
ENABLE 
UP/DOWN 
CLOCK 

QA     °B     QC  CD 

*0     *1    w2    "3  w«    w5    w6    «7  W8    W9    w10  »1 


PARALLEL  ENABLE  WITH  RIPPLE  CLOCK 


UP/DOWN  - 

CLOCK  - 
LOAD  - 


D0     Di     D5  D3 


D4     D5     D6  D7 


r 


LOAD 
CLOCK 

UP/DOWN  R|pp 
ENABLE  CLO< 

QA    Qa  Or  Qn 


LOAD 
CLOCK 

UP/DOWN  RIPPL 
ENABLE  CLOCI 
°A    QB     QC  QD 


A       B       C  0 
LOAD 
CLOCK 
UP/ DOWN 
ENABLE 

°A     QB     QC  QD 


W0     W,     W2     W3  W4     W5     W6    W7  Wg     Wg    W,0  Wr 

SYNCHRONOUS  PARALLEL  COUNTING  WITH  RIPPLE  ENABLE 


UP/DOWN 
CLOCK 
LOAD 


D0    Dj    d2  d3 

I  I  I  I 


r 


A       B      C  D 
LOAD 
CLOCK 
UP/DOWN 

ENABLE  MIN./MAX. 
QA     08     Qc  Op 


w0   w,   w2  w3 


D„     D5     D6  D7 


A      B       C  D 
LOAD 
CLOCK 
UP/DOWN 

ENABLE  MIN./MAX. 
QA    QB     QC  QD 


W4    «5     W6  W? 


Dfi      Dg    D10  Dr 


A      B      C  D 
LOAD 
CLOCK 
UP/DOWN 

ENABLE  MIN./MAX. 
QA    QB    °C  QD 


w8    w9  wio  wn 


DI2  DI3  °U  °15 

I  I  II 
A      B       C  D 

LOAD 

CLOCK 

UP/DOWN 

ENABLE 

QA    QB    Qc  Q0 


N^2  w13  w14  w15 


SYNCHRONOUS  COUNTING  WITH  FULL  LOOK-AHEAD 
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Decimal  and  Hexadecimal  Up/ Down  Counters 


DISTINCTIVE  CHARACTERISTICS 

•  Separate  up  and  down  clocks 

•  Asynchronous  parallel  load 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol  at  'OL  =  8mA 

—  Twice  the  fan-out  over  military  range 

—  440/jA  source  current  at  HIGH  output 

•  1 00%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  'LS192  and  'LS193  are  four-bit  up/down  counters  using  advanced 
Low-Power  Schottky  processing.  The  'LS192  counts  in  the  BCD  mode 
and  the  'LS193  counts  in  the  binary  mode.  These  counters  have  separate 
count-up  and  count-down  clock  inputs  (CP|j  and  CPq.  respectively). 
The  Qj  outputs  change  state  synchronously  on  the  LOW-to-HlGH  tran- 
sition on  either  the  up  clock  input  or  the  down  clock  input.  Only  one 
clock  input  can  be  LOW  at  a  time  or  erroneous  counting  will  result. 

Each  of  the  four  flip-flops  can  be  preset  to  a  logic  HIGH  or  a  logic  LOW 
by  means  of  four  parallel  inputs  (A,  B,  C,  and  D).  When  the  parallel  load 
input  (PL)  goes  LOW,  all  four  flip-flops  set  to  the  state  of  the  direct 
inputs  (A,  B,  C,  and  D)  independent  of  the  clock  inputs.  An  active 
HIGH  master  reset  (MR)  is  provided  which  overrides  both  the  clock  and 
parallel  load  inputs  forcing  all  Qj  outputs  LOW. 

Two  terminal  count  outputs  are  gated  with  the  clock  inputs  to  provide 
clock  signal  to  other  counters.  The  TCq  output  goes  LOW  when  the 
counter  is  in  state  0000  and  the  count  down  clock  goes  LOW.  The  TCjj 
goes  LOW  when  the  count  up  goes  LOW  and  the  counter  is  in  state 
1001  CLS192)  or  state  1111  CLS193).  The  TCy  and  TCq  outputs  can 
drive  the  count  up  and  count  down  clocks  on  the  next  counter  in  a 
series.  The  Qj  outputs  of  such  a  connection  scheme  are  not  synchronous 
on  cascaded  counters  in  this  series. 


LOGIC  DIAGRAM 


PL  ft 


(DOWN  COUNT) 


'LS192  Decade  Counter  only 


'LS193  Hexadecimal  Counter  only  ■ 


CONNECTION  DIAGRAM 
Top  View 

Vcc     A     MR    TCD  TCu    PL      C  D 

nnnnnnnn 

16      15     14     13      12      11     10  9 


1       2       3       4  5 


uu-uuuuuu 

B      QB     QA    CPD  CPu    Qc    Qd  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


11         15         1         10  9 


Vcc  =  Pin  16 
GND  -  Pin  8 
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Am25LS192  •  Am25LS193 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am25LS192XC/Am2SLS193XC  TA  =  0°C  to +70°C  Vcc  =  5.0V  i  5%  (COM'L)  MIN.  =  4.75V  MAX.  =  5.25V 

Am25LS192XM/Am25LS193XM  TA  =  -55°C  to  +125° C  Vcc  =  5.0V  ±  10%  (MIL]  MIN.  =  4.50V  MAX.  =  5.50V 

Typ. 


Parameters 

Description 

Test  Conditions  (Note  t) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  -440mA 

MIL 

2.5 

3.4 

Volts 

V|N  =  V|Hor  V,L 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN.. 

'OL  =  4.0mA 

0.25 

0.40 

Volts 

VIN  f  VIH  or  VIL 

Iql  =  8.0mA 

0.35 

0.45 

V|H 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VIL 

nput  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

nput  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -18mA 

—1.5 

Volts 

1 1 L 

nput  LOW  Current 

Vcc  =  MAX.,  V|N  =  0.4V 

-0.4 

mA 

1 1 H 

nput  HIGH  Current 

Vcc  *  MAX.,  V|N  =  2.7V 

20 

MA 

l| 

nput  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

<SC 

Output  Short  Circuit  Current 
Note  3) 

VCC  °  MAX- 

-15 

-85 

mA 

'cc 

3ower  Supply  Current 

VCC  =  MAX.  (Note  4) 

19 

34 

mA 

Notes:  1 .   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  E lectrical  characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VQC  =  5-0  v-  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  ICC  is  measured  with  all  outputs  open;  clear  and  load  inputs  grounded;  and  all  other  inputs  at  4.5V 


MAXIMUM 

RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temp 

srature 

-65°C  to  +150°C 

Temperature 

Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltag 

e  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCC  max. 


DC  Input  Voltage 


-0.5  V  to  +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 
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Am54LS/74LS192  •  Am54LS/74LS193 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74LS192X/74LS193X  TA  =  0°C  to  +70°C  Vcc  =  5.0V  t  5%  (COM'L)  MIN.  =  4.75V  MAX.  =  5.25V 

Am54LS192X/54LS193X  TA  = -55°C  to +125°C  Vcc  =  5.0V  t  10%  (MIL)  MIN.  =  4.50V  MAX.  =  5.50V 


Typ. 

Parameters  Description  Test  Conditions  (Note  i )  Min.       (Note  2)        Max.  Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  Iqh  =  -400 uA 
V|N  =  vIH°r  VIL 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  MIN., 
V|N  =  V|HorV|L 

All,  l0L  =  4.0mA 

0.25 

0.40 

Volts 

74LS  only,  Iql  =  8.0mA 

0.35 

0.50 

V,H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

v. 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

—1 .5 

Volts 

IlL 

Input  LOW  Current 

VCC  "  MAX.,  V|N  =  0.4V 

-0.4 

mA 

l|H 

Input  HIGH  Current 

VCC  =  MAX.,  V|N=  2.7  V 

20 

fA 

'1 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

!SC 

Output  Short  Circuit  Current 
(Note  31 

VCC  =  MAX. 

-15 

-100 

mA 

ice 

Power  Supply  Current 

VCC  =  MAX.  (Note  4) 

19 

34 

mA 

Notes: 

.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
.  Typical  limites  are  at  Vqq  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
.   Icc  is  measured  with  all  outputs  open;  clear  and  load  inputs  grounded;  and  all  other  inputs  at  4.5V 

Am25LS  •  54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Note:  Actual  current  flow  direction  shown 
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SWITCHING  CHARACTERISTICS 

(Ta  =  25°C  Vrr  =  5.0V) 

Am25LS 

Am54LS/74LS 

Units 

Parameters 

Description 

Min.       Typ.  Max. 

Min.       Typ.  Max. 

tPLH 

CPy  or  CPq  to  Qn 

24 

34 

25 

38 

ns 

tPHL 

28 

39 

31 

47 

tPLH 

CPu  to  TCy 

1 0 

1 5 

1 7 

26 

ns 

tPHL 

10 

1  5 

21 

33 

«PLH 

CPq  to  TCq 

10 

15 

16 

24 

ns 

'PHL 

1 1 

1  7 

21 

33 

'PLH 

A-D  to  Qn  Output 

13 

18 

ns 

«PHL 

27 

38 

'PLH 

A-D  to  TC|j  Output 

35 

49 

ns 

tPHL 

19 

27 

'PLH 

A-D  to  TCq  Output 

26 

36 

ns 

'PHL 

28 

39 

7 

'PHL 

MR  Input  to  Qn  Output 

20 

29 

22 

35 

ns 

'PLH 

|     MR  Input  to  TCy  Output 

25 

35 

ns 

'PHL 

MR  Input  to  TCq  Output 

16 

22 

ns 

•PLH 

P|_  Input  to  Qn  Output 

20 

29 

27 

• 

ns 

'PHL 

25 

36 

29 

40 

'PLH 

P)_  Input  to  TC|j  Output 

31 

45 

ns 

'PHL 

30 

42 

- 

tPLH 

PL  Input  to  TCq  Output 

30 

42 

- 

ns 

'PHL 

24 

34 

- 

t,. 

Data  Set-up  Time 
A-D  Input  to  P[_  Input 

Load  1 

5.0 

ns 

Load  0 

15 

20 

ns 

ts 

Set-up  Time,  P[_  Input  to  CPy  or  CPq 

9.0 

ns 

ts 

Set-up  Time,  Clear  Recovery 
(In-Active)  to  CPy  or  CPq 

5.0 

ns 

*H 

Data 

0 

0 

ns 

'pw(O) 

Pulse  Width 

CPy 

11 

20 

ns 

CPD 

11 

20 

PL 

9.0 

20 

'pwdi 

Pulse  Width 

MR 

15 

20 

ns 

^max 

Maximum  Clock  Frequency, 
Count  Up  or  Down  (NoteU 

35 

45 

25 

32 

MHz 

Test  Conditions 


CL  = 15pF 
R|_  b  2.0kJ2 


Note  1.  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 
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Am25L 
SWITCI 
OVER 

5aramete 

S192,  Am25LS193  ONLY 
HING  CHARACTERISTICS 
OPERATING  RANGE* 

rs  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units 

Ta  =  0°€  to  +70°C 
VCC  =  5.0V  ±  5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  ±  10% 
Min.  Max. 

tPLH 

CPu  or  CPq  to  Qn 

44 

52 

ns 

'PHL 

54 

67 

tPLH 

CPy  to  TC(j 

22 

26 

ns 

«PHL 

23 

27 

tPLH 

CPD  to  TCrj 

22 

26 

ns 

tPHL 

23 

27 

tPLH 

A-D  to  Qn  Output 

26 

31 

ns 

*PHL 

52 

63 

tPLH 

A-D  to  TCy  Output 

66 

80 

'PHL 

38 

46 

'PLH 

A-D  to  TCrj  Output 

50 

60 

IPHL 

54 

66 

tPHL 

MR  Input  to  Qn  Output 

41 

50 

ns 

tPLH 

MR  Input  to  TCu  Output 

49 

60 

ns 

tPHL 

MR  Input  to  TCrj  Output 

32 

38 

ns 

tPLH 

P|_  Input  to  Qn  Output 

41 

50 

ns 

tPHL 

53 

67 

«PLH 

P|_  Input  to  TCy  Output 

63 

79 

ns 

tPHL 

60 

75 

tPLH 

P|_  Input  to  TCrj  Output 

60 

75 

ns 

'PHL 

48 

60 

«s 

Data  Set-up  Time 
A-D  Input  to 
P[_  Input 

Load  1 

5  0 

5  0 

ns 

Load  0 

20 

23 

tS 

Set-up  Time, 

P|_  Input  to  CPy  or  CPq 

1 3 

1 8 

ns 

«s 

Set-up  Time,  Clear  Recovery 
(In-Active)  to  CPli  or  CPq 

7.0 

9.0 

ns 

th 

Data 

0 

0 

ns 

tpw(O) 

Pulse  Width 

CPu 

15 

17 

ns- 

CPD 

15 

17 

PL 

13 

17 

•pwd) 

Pulse  Width 

MR 

18 

21 

fmax 

Maximum  Clock  Frequency, 
Count  Up  or  Down     (Note  1  ) 

25 

20 

MHz 

Test  Conditions 


CL  =  50pF 
RL  =  2.0kS2 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Metallization  and  Pad  Layout 
'LS192  'LS193 
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Am25LS/54LS/74LS192/193 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

c 

ock 

Data 

Conditions 

Ud 

Down 

Clear 

Load 

A 

B 

c 

D 

Qb 

Qc 

Qd 

Borrow 

Carry 

x 

L 

H 

X 

X 

X 

X 

X 

L 

L 

L 

L 

L 

H 

Clear 

X 

H 

H 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

X 

X 

L 

L 

°0 

r>i 

D2 

°3 

DO 

D1 

D2 

°3 

X 

X 

Load 

H 

t 

L 

H 

X 

X 

X 

X 

Count  Down 

H 

H 

Except  at  borrow 

H 

L 

L 

H 

X 

X 

X 

X 

L 

L 

L 

L 

L 

H 

Borrow 

H 

H 

L 

H 

X 

X 

X 

X 

L 

L 

L 

L 

H 

H 

t 

H 

L 

H 

X 

X 

X 

X 

Count  up 

H 

H 

Except  at  carry 

L 

H 

L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

L 

Carry  (193  only) 

H 

H 

L 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

L 

H 

L 

H 

X 

X 

X 

X 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

X 

X 

X 

X 

H 

L 

L 

H 

H 

H 

Carry  (192  only) 

Don't  care 

LOW-to-HIGH  transition 


D  -  A  LOW  or  a  HIGH  and  the  respective  output 
will  assume  the  same  state. 


DEFINITION  OF  FUNCTIONAL  TERMS 

MR  Clear.  The  clear  input  to  the  counter  overrides  all 

other  inputs.  When  the  clear  input  is  HIGH,  the 
Q  outputs  are  set  LOW  independent  of  the  other 
inputs. 


PL 


A,  B,  C,  D 
CPu 


Load.  The  load  input  performs  asynchronous 
parallel  load  of  the  data  on  the  A,  B,  C,  and  D 
inputs.  When  the  load  input  is  LOW,  the  Qj  out- 
puts will  follow  the  parallel  inputs  regardless  of 
the  clock  inputs. 

The  four  parallel  inputs  to  the  counter  flip-flops. 

Count  up.  A  clock  input  causing  the  counter  to 
change  state  in  an  increasing  binary  number  direc- 
tion. Counting  occurs  on  the  LOW-to-H  IGH  transi- 
tion of  the  clock. 


CPd  Count  down.  A  clock  input  causing  the  counter 

to  change  state  in  a  decreasing  binary  number 
direction.  The  state  change  occurs  on  the  LOW-to- 
HIGH  transition. 

Qa.  ^B.  The  four  outputs  of  the  counter  representing  the 
OC.  Qq      LSB  to  MSB,  respectively. 

TCu  Carry  output.  A  clock  output  that  indicates  the 

maximum  upper  binary  number  has  been  reached. 
For  the  'LS192,  TCu  indicates  that  the  "9"  state 
has  been  reached  and  the  up  clock  is  LOW.  For  the 
'LS193,  TCu  indicates  that  the  "15"  state  has 
been  reached  and  the  up  clock  is  LOW. 

TCr_)  Borrow  output.  A  clock  output  indicating  that  the 

"0"  state  has  been  reached  and  the  down  clock  is 
LOW. 


APPLICATION 


°B  °C 


•  CARRY 
-  SORROW 


8-Bit  Up/Down  Counter  with  Parallel  Load 
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Am25LS194A  •  Am54LS/74LS1 94A 
Am25LS1 95A  •  Am54LS/74LS1 95A 


Four-Bit  High-Speed  Shift  Registers 


DISTINCTIVE  CHARACTERISTICS 

Shift  right  or  parallel  load  with  JK  inputs  on  Am25LS195A 
Shift  left,  right,  parallel  load  or  do  nothing  on  Am25LS194A 

•  Fully  synchronous  shifting  and  parallel  loading 

•  Am25LS  devices  offer  the  following  improvements  over 
Am  54/74  LS 

Higher  speed 
50mV  lower  Vol 

Twice  the  fan-out  over  military  range 
440/iA  source  current 
100%  product  assurance  screening  to  MIL-STD-883 
requirements 


J  an 
The 


FUNCTIONAL  DESCRIPTION 

The  Am25LS194A  and  Am25LS195A  are  4-bit  registers  that 
exhibit  fully  synchronous  operation  in  all  operating  modes. 
The  Am25LS195A  can  either  parallel  load  all  four  register 
bits  via  the  parallel  inputs  (A,  B,  C,  D)  or  shift  each  of  the  four 
register  bits  right  one  place.  The  shifting  or  parallel  loading  is 
under  control  of  the  shift/load  input  (S/L).  When  the  shift/ 
load  input  is  LOW,  data  is  loaded  from  the  parallel  data  inputs; 
when  the  shift/load  input  is  HIGH,  data  is  loaded  from  the 
register  bits  on  the  left.  The  first  bit,  Q/\,  is  loaded  via  the 
(I  K  inputs  in  the  shift  mode. 

Am25LS194A  operates  in  four  modes  under  control 


of  the  two  select  inputs.  So  and  Si .  The  four  modes  are 
paral  el  load  (data  comes  from  the  parallel  inputs),  shift  right 
(data  comes  from  the  flip-flop  to  the  left,  with  the  QA  bit 
input  from  R),  shift  left  (data  comes  from  the  flip-flop  to  the 
right,  with  the  Qq  input  from  L),  and  hold  or  do  nothing 
(each  flip-flop  receives  data  from  its  own  output). 

For  both  devices  the  outputs  change  state  synchronously 
following  a  LOW-to-HIGH  transition  on  the  clock  input,  CP. 
Both  devices  have  an  active-LOW  synchronous  clear  (CLR) 
which,  forces  all  outputs  to  the  LOW  state  (QD  HIGH)  inde- 
pendent of  any  other  inputs. 

Because  all  the  flip-flops  are  D-type  they  do  not  catch  0  s  or 
1's,  and  the  only  requirements  on  any  inputs  is  that  they  meet 
the  short  set-up  and  hold  time  intervals  with  respect  to  the 
clocklLOW-toHIGH  transition. 

The  Am54LS/74LS194A  and  195A  are  standard  performance 
versions  of  the  Am25LS194A  and  195A.  See  appropriate 
electrical  characteristic  tables  for  detailed  Am25LS  improve- 
ments. 


LOGIC  DIAGRAMS 


'LS194A 


'LSI 95 A 


CP^-^o 


OdQd 


CONNECTION  DIAGRAMS 
Top  Views 

'LS194A  'LS195A 

Vcc   QA    °8    °C    Qo    Cp     S,     S0  vcc   QA    DB    «C    0»    5     CP  S/L 

nnnnnnnn,  .nnnnnnnn 


LOGIC  SYMBOLS 


'LS194A 

2       3       4  5 


'LS195A 


16     15      14      13      12      11      10       9         I    16      !5      14      13      12      11  10 


2       3       4       5       6  7 

uuuuuuuu 


CLR     R       A       B       C       D       L     GND  CLR     R       K       A       B       C       D  GND 


2       3      4       5       6  7 

UUUUUUUU 


15     14      13  12 


15       14        13       12  11 


Vcc  =  Pin  16 
GND  =  Pin  8 
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Am25LS/54LS/74LS194A/195A 


Am25LS194A  •  Am25LS195A 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 


COM'L 
MIL 


TA  =  0  C  to  +70  C 
Ta  =  -55°C  to  +125°C 


VCC 
VCC 


:  5.0V  ±  5% 
■■  5.0V  ±  10% 


(MIN. 
(MIN. 


4.75  V 
4.50  V 


MAX.  =  5.25V) 
MAX.  =  5.50V) 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Typ. 


-'arameters 

Description 

Test  Conditions  (Note  ii 

mm. 

(Note  2) 

max. 

i  Initc 

units 

Un 

Output  HIGH  Voltage 

VCC  =  MIN.,  Iqh  =  -440„A 

MIL 

2.5 

3.4 

Volts 

V|N=V|HorV|L 

COM'L 

2.7 

3.4 

vOL 

—     -              |  i-.ii>> 

Output  LOW  Voltage 

VCC  =  MIN. 

lOL  =  4mA 

0.4 

Volts 

V|N  =  V|HorV|L 

'OL  =  8mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0J8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I,N 

=  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  -  MAX.,  V,N=  0.4V 

-0.4 

mA 

•lH 

Input  HIGH  Current 

Vcc  *  MAX.,  V|N  =  2.7V 

20 

uA 

1 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

Vcc  =  MAX- 

-15 

-85 

mA 

'cc 

Power  Supply  Current 

Vcc  =  MAX. 

LS194A  (Note  4) 

15 

23 

mA 

LS195A  (Note  5) 

14 

21 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VQC  =  5.0  V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Outputs  open.  Inputs  A,  B,  C,  D  grounded,  hi  puts  Sq,  S^,  Clear,  L,  R,  at  4.5  V,  Measured  aftera  momentary  ground,  then  4.5V  applied  to  clock. 

5.  Outputs  open.  S/L  grounded.  A,  8,  C,  D,  J,  K  at  4.5  V.  Measured  after  applying  a  momentary  ground  then  4.5  V  to  the  clear  followed  by  ground 
then  4.5V  to  clock. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-55  C  to +125  C 


-0.5  V  to  +7.0  V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5  V  to  +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30mA  to  +5.0mA 
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Parameters 


Am25LS/54LS/74LS194A/195A 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Description  Test  Conditions  (Note  11 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


VOH 

Output  HIGH  Voltage 

Vcc  -  MIN.,  Ioh  =  -400mA 
VIN  =V|HorV|L 

Am74LS 

2.7 

3.4 

Volts 

Am54LS 

2.5 

3.4 

vOL 

Output  LOW  Voltage 

VCC  =  MIN. 
V|N-VIHorV|L 

All,  Iol  =  4mA 

0.4 

Volts 

74LS  only,  l0|_  ■  8mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

w. , 

VIL 

input  luvv  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

Am54LS 

0.7 

Volts 

Am74LS 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN-  !|N  =  -18mA 

-1.5 

Volts 

1 1 1_ 



Input  LOW  Current 

VCC  =  MAX.,  V|N  =0.4V 

—0.4 

mA 

Input. HIGH  Current 

VCC  =  MAX.,  V|N=  2.7V 

20 

MA 

'i 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-100 

mA 

>cc 

Power  Supply  Current 

VCC  "  MAX. 

LS194A  (Note  41 

15 

23 

mA 

LS195A  (Note  5) 

14 

21 

Fo 


Notes:  1 

2.  T 

3.  N 
4. 
5 


t  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type, 
ypical  limits  are  at  Vcc  =  5.0  V,  25  C  ambient  and  maximum  loading. 

ot  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one. second. 
Outputs  open.  Inputs  A,  B,  C.  D  grounded.  Inputs  S0,  S1r  Clear,  L,  R,  at  4.5  V.  Measured  after  a  momentary  ground,  then  4.5  V  applied  to  clock, 
"utputs  open.  S/L  grounded.  A,  8,  C,  O,  J,  K  at  4.5  V.  Measured  after  applying  a  momentary  ground  then  4.5V  to  the  clear  followed  by  ground 
en  4.5  V  to  clock. 


Am25LS194A«  Am54LS/74LS194A 


ovvi  i  i^niiMU  unAiiMU  i  cnia  i  11^0 
(Ta  =  25°C,  Vcc  =  5.0V) 
Parameters  Description 

Min. 

Am2SLS 
Typ. 

Max. 

Am54LS/74LS 
Min.        Typ.  Max. 

Units 

Test  Conditions 

«PLH 

Clock  to  Output 

13 

21 

14 

22 

ns 

«PHL 

Clock  to  Output 

12 

18 

17 

26 

ns 

*PHL 

Clear  to  Output 

17 

26 

19 

30 

ns 

fpw 

Clock  Pulse  Width 

17 

20 

ns 

*pw 

Clear  Pulse  Width 

17 

20 

ns 

CL -  15pF 

«s 

Mode  Control  Set-up  Time 

25 

30 

ns 

RL  =  2.0kn 

«s 

Data  Input  Set-up  Time 

16 

20 

ns 

«s 

Clear  Recovery  to  Clock 

20 

25 

ns 

<h 

Data  Hold  Time 

0 

0 

ns 

•max  (N 

3te1) 

Maximum  Clock  Frequency 

35 

55 

25 

36 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 


Am25LS194A  ONLY 

SWITHHIMR  PM  A  RAPTFRICTIPQ 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

OVER  0 
Parameti 

PERATING  RANGE* 
srs  Description 

TA  =  0°C  to  +70°C 
VCC  =  5  0V  ±5% 
Min.  Max. 

TA  55X  to  +  125X 

VCc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

Clock  to  Output 

31 

36 

ns 

CL  =  50pF 
RL  =  2.0kn 

*PHL 

Clock  to  Output 

28 

32 

ns 

tpHL 

Clear  to  Output 

38 

44 

ns 

*pw 

Clock  Pulse  Width 

26 

30 

ns 

*pw 

Clear  Pulse  Width 

26 

30 

ns 

ts 

Mode  Control  Set-up  Time 

37 

42 

ns 

ts 

Data  Input  Set-up  Time 

25 

29 

ns 

ts 

Clear  Recovery  to  Clock 

30 

35 

ns 

tn 

Data  Hold  Time 

4 

5 

ns 

fmax(Note1) 

Maximum  Clock  Frequency 

26 

23 

MHz 

"AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  Ar  Subgroup  9. 
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Am25LS195A«  Am54LS/74LS195 


'A  ^Q 

Am54LS/74LS 

Parameters 

Description 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

'PLH 

Clock  to  Output 

13 

21 

14 

22 

ns 

tPH  L 

Tciock  to  Output 

12 

18 

1 7 

26 

ns 

tPHL 

Clear  to  Output 

17 

26 

19 

30 

ns 

tpW 

Clock  Pulse  Width 

16 

16 

ns 

'pw 

Clear  Pulse  Width 

12 

12 

ns 

CL  =  15pF 

ts 

Mode  Control  Set-up  Time 

25 

25 

ns 

's 

Data  Input  Set-up  Time 

15 

15 

ns 

RL  =  2.0kn 

«s 

Clear  Recovery  to  Clock 

20 

25 

ns 

th 

Data  Hold  Time 

0 

0 

ns 

Shift/Load  Release  Time 
Am54LS/74LS195A  Only 

0 

0 

ns 

Maximum  Clock  Frequency 

35 

55 

30 

39 

MHz 

Per  in 
pulse 


dustry 
w  dth 


convention,  fmax 's  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
or  duty  cycle. 


Am25LS195AONLY 
SWITCHING  CHARACTERISTICS 

Am25LS  COM'L 

Am2SLS  MIL 

OVER  OPE 

RATING  RANGE* 

TA  =  OX  to  +70°C 

TA  =  -55°C  to  +  125X 

vCc  I? 

5.0V  ±5% 

Vcc  =  5.0V  ±10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

tpi_H 

Clock  to  Output 

31 

36 

ns 

tpHL 

Clock  to  Output 

27 

32 

ns 

tpHL 

Clear  to  Output 

38 

44 

ns 

tpw 

Clock  Pulse  Width 

25 

29 

ns 

tpw 

Clear  Pulse  Width 

20 

23 

ns 

CL  =  50pF 

ts 

Mode  Control  Set-up  Time 

37 

ns 

RL  =  2.0W1 

ts 

Data  Input  Set-up  Time 

24 

27 

ns 

ts 

Clear  Recovery  to  Clock 

30 

35 

ns 

th 

Data  Hold  Time 

4 

5 

ns 

tR 

Shift/Load  Release  Time 

Am54LS/74LS195A  Only 

4 

5 

ns 

'maxINote1 

) 

Maximum  Clock  Frequency 

26 

23 

MHz 

'AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


'LS194A  FUNCTION  TABLE 


INPUTS 

OUTPUTS 

FUNCTION 

Clear 

Mode 

Clock 

Serial 

Parallel 

Qa  °b  °c  Qd 

S,  S0 

Left  Right 

A    B    C  D 

Clear 

L 

X  X 

X 

X  X 

X    X    X  X 

L     L      L  L 

No 

Change 

H 
H 

X  X 
X  X 

L 
H 

X  X 
X  X 

X    X    X  X 
X    X    X  X 

NC  NC  NC  NC 
NC  NC  NC  NC 

Parallel 
Load 

H 

H  H 

t 

X  X 

Dq  Ot  D2  D3 

Dq  Dt    D2  D3 

Shift 
Right 

H 
H 

L  H 
L  H 

t 

X  L 
X  H 

X    X    X  X 
X    X    X  X 

L    QA  QB  QC 
H   QA  QB  QC 

Shift 
Left 

H 
H 

H  L 
H  L 

L  X 
H  X 

X    X    X  X 
X    X    X  X 

QB  QC  QD  L 
QB  QC  Qd  H 

Hold 

H 

L  L 

X 

X  X 

X    X    X  X 

NC  NC   NC  NC 

H  -  HIGH 
L  =  LOW 

X  -  Don't  Care 
NC  =  No  Change 

r  =  LOW-to-HIGH  transition. 
Dj  =  May  be  a  HIGH  or  a  LOW  and  the  respective  output  will  assume  the 
same  state. 


'LS195A  FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Clear 

Shift/ 
Load 

Clock 

Serial 

Parallel 

Qa  Qb  Qc  qd  Qd 

J  R 

A     B      C  D 

L 

X 

X 

X  X 

X      X      X  X 

L      L       L      L  H 

H 
H 

X 
X 

L 
H 

X  X 
X  X 

X      X      X  X 
X      X      X  X 

NC    NC    NC   NC  NC 
NC    NC    NC   NC  NC 

H 

L 

I 

X  X 

D0    D,     D2  D3 

D0    D,     D2    D3  D3 

H 
H 
H 

H 

H 
H 
H 

H 

t 

t 
t 
t 

L  H 
L  L 
H  H 
H  L 

X      X      X  X 
X      X      X  X 
X      X      X  X 

X     X     X  X 

Qa  Qa  Qb  °c  Qc 

L     QA    QB   Qc  Qc 
H     QA    QB   Qc  Qc 

qa  QA  QB  Qc  Qc 

H  =  HIGH  X  =  Don't  Care 

L  =  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  transition. 

Dj  =  May  be  a  HIGH  or  a  LOW  and  the  respective  output  will  assume  the 
same  state. 

Notes:  T.  If  the  J  and  K  inputs  are  tied  together,  the  common  line  becomes  a 
D-Type  input  to  the  first  bit  in  the  snift  mode. 
2.  Linear  feedback  shift  counters  can  oe  made  by  connecting  the  Qq  and 
Qq  outputs  to  the  K  and  J  inputs,  respectively. 
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Am25LS/54LS/74LS194A/195A 


DEFINITION  OF  FUNCTIONAL  TERMS 

J,  K  The  logic  inputs  used  for  controlling  the  Qa  flip-flop  of 

the  Am25LS195A  register  when  S/L  is  HIGH. 

CLR  Clear.  The  asynchronous  master  reset  input. 

CP  Clock  pulse  for  the  register.  Enters  data  on  the  LOW-to- 

HIGH  transition. 

S/L  Shift/Load.  The  input  for  selection  of  parallel  or  serial 
shift  ng  for  the  Am25LS195A  register.  S/L  LOW  selects 
para  lei  entry. 

So,  St  The  mode  select  inputs  of  the  Am25LS194A. 

A,  B,  C,  D  The  four  parallel  data  inputs  for  the  register. 

R  Tljie  serial  input  to  the  QA  flip-flop  of  the  Am25LS194A  in 

the  right  shift  mode. 

L  The  serial  input  to  the  Qq  flip-flop  of  the  Am25LS194A  in 
the  left  shift  mode. 

Qa,  Ob.  qC.  qd  The  four  true  outputs  of  the  register. 

Qq  The  complement  output  of  the  QD  flip-flop.  (Am25LS 

195A  only). 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


APPLICATION 


12-BIT  SHIFT-LEFT,  SHIFT-RIGHT,  PARALLEL  LOAD  REGISTER 


s0  - 
s,  . 

CLOCK  - 

SHIFT 
RIGHT  - 
IN 


SHIFT  ■ 

LEFT 

OUT 


Aq   A,   a2  a3 

1  I  I  I  I  I 

n     A      B      C      D  L 


A4     A5     A6  A7 


_L_L 


Bj     B2  B3 


84     B5    B6  B7 


A8     A9  A10  A11 


'LSI  94 A 
CLR  QA    QB    °C  °D 


B8     Bg    B10  Bn 


SHIFT 
-  RIGHT 
OUT 


Metallization  and  Pad  Layouts 


DIE  SIZE  0.067"  X  0.080"  DIE  SIZE  0.067"  X  0.080" 
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Am25LS240 •  Am54LS/74LS240 

Octal  Three-State  Inverting  Drivers 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs  drive  bus  lines  directly 

•  Hysteresis  at  inputs  improve  noise  margin 

•  PNP  inputs  reduce  D.C.  loading  on  bus  lines 

•  Data-to-output  propagation  delay  times  -  18ns  MAX. 

•  Enable-to-output  -  30ns  MAX. 

•  Am25LS240  specified  at  48mA  output  current 

•  20  pin  hermetic  and  molded  DIP  packages 

•  100%  product  assurance  testing  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  'LS240  is  an  octal  inverting  line  driver  fabricated  using 
advanced  low-power  Schottky  technology.  The  20-pin 
package  provides  improved  printed  circuit  board  density  for 
use  in  memory  address  and  clock  driver  applications. 

Three-state  outputs  are  provided  to  drive  bus  lines  directly. 
The  Am25LS240  is  specified  at  48mA  and  24mA  output  sink 
current,  while  the  Am54/74LS240  is  guaranteed  at  12mA  over 
the  military  range  and  24mA  over  the  commercial  range. 
Four  buffers  are  enabled  from  one  common  line  and  the 
other  four  from  a  second  enable  line. 

Improved  noise  rejection  and  high  fan-out  are  provided  by 
input  hysteresis  and  low  current  PNP  inputs. 


LOGIC  DIAGRAM 


—  ~  1Y2   2A2  —  — 


INPUTS 

OUTPUT 

G 

A 

Y 

H 

X 

z 

L 

H 

L 

L 

L 

H 

Note:  All  devices  have  input  hysteresis. 


CONNECTION  DIAGRAM 
Top  View 


1«  ^ 

20 

□  vcc 

1A1  Q 

2 

19 

22 

2Y4  Q 

3 

18 

|  1Y1 

1A2  Q 

4 

17 

Zl  2A4 

2Y3  Q 

5 

16 

^  1Y2 

'LS240 

1A3  LZ 

6 

15 

Z]  2A3 

2Y2 

14 

□  1Y3 

1A4  £2 

8 

13 

m  2az 

2Y1  ^ 

9 

12 

^  1Y4 

GND  | 

10 

11 

□  2A1 

Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


11      13     15  17 


1A1  1A2  1A3  1A4  2A1  2A2  2A3  2A4 
1G  'LS240  2G 

1Y1    1Y2   1Y3   1Y4       2Y1    2Y2    2Y3  2Y4 


TTTTTTTT 


18     16      14  12 


GND  =  Pin  10 
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Am25  LS/54LS/74  LS240 
Am25LS240 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 
COM'L      TA  =  0°C  to  +70°C       Vcc  =  5.0V  ±  5%       (MIN.  =  4.75V 
MIL  TA  =  -55T  to  +  125°C  Vcc  =  5.0V  ±  10%      (MIN.  =  4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


MAX.  =  5.25V) 
MAX.  =  5.50V) 


Parameters 


Description 


Test  Conditions  (Note  1) 


Min. 


Typ. 
(Note  2)  Max. 


Units 


V0H 

High-Level  Output  Voltage 

Vcc  =  MIN.,  V|H  =  2.0V 

l0H  =  -3.0mA,  V|L  =  VILMAX. 

2.4 

3.4 

Volts 

Vcc  =  MIN., 
VIL  =  0.5V 

MIL,  I0h  =  -12mA 

2.0 

COM'L,  l0H=  -15mA 

Z.U 

Vol 

Low-Level  Output  Voltage 

Vcc  =  MIN. 

All  l0L  =  12mA 

0.25 

0.4 

Volts 

All  l0L  =  24mA 

0.35 

0.5 

COM'L  l0L  =  48mA 

0.55 

Vm 
T  In 

High-Level  Input  Voltage 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 
V|K 

Low-Level  Input  Voltage 

COM'L 

0.8 

Volts 

MIL 

0.7 

Input  Clamp  Voltage 

Vcc  =  MIN.,  1,  =  -18mA 

-1.5 

Volts 

Hysteresis  (VT+  -  VT_) 

VCc  =  MIN- 

0.2 

0.4 

Volts 

>OZH 

Off-State  Output  Current, 
High  Level  Voltage  Applied 

VCC  =  MAX. 
V|H  =  2.0V 
V|L  =  V|LMAX. 

V0  =  2.7V 

20 

MA 

•oZL 

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  =  0.4V 

-20 

Input  Current  at  Maximum 
Input  Voltage 

Vcc  =  MAX.,  V,  =  7.0V 

0.1 

mA 

■|H 

High-Level  Input  Current,  Any  Input 

Vcc  MAX.,  VIH  -  2.7V 

20 

uA 

Hl 

Low-Level  Input  Current 

Vcc  =  MAX.,  V,L  =  0.4V 

-200 

MA 

•sc 

Short  Circuit  Output  Current  (Note  3) 

VCC  =  MAX. 

-50 

-225 

mA 

Ice 

Supply  Current 

Vcc  =  MAX. 
Outputs  open 

All  Outputs  HIGH 

13 

23 

mA 

All  Outputs  LOW 

26 

44 

Outputs  at  Hi-Z 

29 

50 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 

2.  All  typical  values  are  Vcc  =  5.0  V,  Ta  ■  25°C. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 


MAXIMUM  RATINGS  above  which  the  useful  life  may  be  impaired 


Storage  Temperature 


-65°Cto  +150  C 


Temperature  (Ambient)  Under  Bias 


-55"Cto  +125  C 


Supply  Voltage  to  Ground  Potential 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +7.0V 


-0.5V  to  +VCC  max. 


DC  Input 

Voltage 

-0.5V  to  +7.0V 

DC  Outpu 

t  Current 

150mA 

DC  Input 

Current 

-30mA  to  +5. 0mA 

3-111 


Am25LS/54LS/74LS240 


Am54LS/74LS240 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 
COM'L      TA  =  0°C  to  +70°C       Vcc  =  5.0V  ±  5%       (MIN.  =  4.75V 
MIL  Ja  =  "55°C  to  +125°C  Vcc  =  5.0V  ±  10%      (MIN.  =  4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


MAX.  =  5.25V) 
MAX.  =  5.50V) 


Parameters 


Description 


Test  Conditions  (Note  1 ) 


Min. 


Typ. 
(Note  2)  Max. 


Units 


V0H 

High-Level  Output  Voltage 

VCC  -  MIN.,  Vm  =  2.0V 

l0H  =  -3.0mA,  V,L  =  V,LMAX. 

2.4 

3.4 

Volts 

Vcc  =  MIN., 
V,L  =  0.5V 

MIL,  l0H  =  -12mA 

2.0 

COM'L,  l0H=  -15mA 

2.0 

Vol 

Low-Level  Output  Voltage 

Vcc  =  MIN. 

All,  lOL  =  12mA 

0.25 

0.4 

Volts 

COM'L,  l0L  =  24mA 

0.35 

0.5 

High-Level  Input  Voltage 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2  0 

Volts 

V,L 

Low-Level  input  Voltage 

COM'L 

0.8 

Volts 

MIL 

0.7 

V,K 

Input  Clamp  Voltage 

VCc  =  MIN--  h  =  -18mA 

-1.5 

Volts 

Hysteresis  (VT+  -  VT_) 

VCC  =  MIN. 

0.2 

0.4 

Volts 

'OZH 

Off-State  Output  Current, 
High  Level  Voltage  Applied 

Vcc  =  MAX. 
V|H  =  2.0V 
V,L  =  V,LMAX. 

V0  =  2.7V 

20 

■OZL 

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  m  0.4V 

-20 

1. 

Input  Current  at  Maximum 
Input  Voltage 

VCC  -  MAX.,  V,  =  7.0V 

0.1 

mA 

■iH 

High-Level  Input  Current,  Any  Input 

Vcc  MAX.,  VIH  =  2.7V 

20 

nA 

>IL 

Low-Level  Input  Current 

Vcc  =  MAX.,  V,L  =  0.4V 

-200 

MA 

•sc 

Short  Circuit  Output  Current  (Note  3) 

VCC  =  MAX. 

-50 

-225 

mA 

■cc 

Supply  Current 

Vcc  =  MAX. 
Outputs  open 

All  Outputs  HIGH 

13 

23 

mA 

All  Outputs  LOW 

26 

44 

Outputs  at  Hi-Z 

29 

50 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 

2.  All  typical  values  are  Vcc  "  5.0V,  Ta.  =  25'C. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 


on  and  Pad  Layout 


1Y1 
2A4 
1Y2 
2A3 
1Y3 
2A2 


DIE  SIZE  0.060"  X  0.103" 
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Am25  LS/54  LS/74  LS240 

SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  Vcc  =  5.0V) 


Parameters 


Description 


Am25LS240 
Min.      Typ.  Max. 


Am54LS/74LS240 
Min.      Typ.  Max. 


Units 


Test  Conditions 

(Notes  1-5) 


*PLH 


»PHL 


*PZL 


tpZH 


Propagation  Delay  Time, 
Low-to-High-Level  Output 


Propagation  Delay  Time, 
High-to-Low-Level  Output 


Output  Enable  Time  to  Low  Level 


Output  Enable  Time  to  High  Level 


8.0 


19 


12 


27 


20 


9.0 


12 


15 


14 


18 


30 


23 


CL  =  45pF 
RL  =  667H 


*PLZ 


Output  Disable  Time  from  Low  Level 


23 


15 


25 


*PHZ 


Output  Disable  Time  from  High  Level 


10 


18 


10 


18 


CL  =  5.0pF 
RL  =  667ti 


Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 


Parameters 


Description 


Am25LS  COM'L 


TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55°Cto  +  125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 


Units    Test  Conditions 


*PLH 


*PHL 


*PZL 


*PZH 


Propagation  Delay  Time, 
Low-to-High-Level  Output 


Propagation  Delay  Time, 
High-to-Low-Level  Output 


Output  Enable  Time  to  Low  Level 


Output  Enable  Time  to  High  Level 


16 


37 


27 


19 


42 


31 


CL  =  45pF 
RL  =  667fl 


*PLZ 


Output  Disable  Time  from  Low  Level 


31 


36 


*PHZ 


Output  Disable  Time  from  High  Level 


25 


CL  =  5.0pF 
RL  =  667fl 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


LOAD  CIRCUIT  FOR 
THREE-STATE  OUTPUTS 


VOLTAGE  WAVEFORMS 
ENABLE  AND  DISABLE  TIMES,  THREE-STATE  OUTPUTS 


FROM  OUTPUT  _ 
UNDER  TEST 


OUTPUT 
CONTROL 
(LOW-LEVEL 
ENABLING) 


WAVEFORM  1 


WAVEFORM  2 


Notes:   1.  Waveform  1  is  for  an  output  with  internal  conditions  such  that  the  output  is  low  except  when  disabled  by  the  output  control. 

2.  Waveform  2  is  for  an  output  with  internal  conditions  such  that  the  output  Is  high  except  when  disabled  by  the  output  control. 

3.  In  the  examples  above,  the  phase  relationships  between  inputs  and  outputs  have  been  chosen  arbitrarily.  PR  R  <  1.0MHz,  ZOUT  m  50H 
and  tr  <  2.5ns,  tf  <  2.5ns. 
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Am25LS241  •  Am54LS/; 
Am25LS244 •  Am54LS/74LS244 


Octal  Three-State  Buffers 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs  drive  bus  lines  directly 

•  Hysteresis  at  inputs  improve  noise  margin 

•  PNP  inputs  reduce  D.C.  loading  on  bus  lines 

•  Data-to-output  propagation  delay  times  -  18ns  MAX. 

•  Enable-to-output  -  30ns  MAX. 

•  Am25LS241  and  244  specified  at  48mA  output  current 

•  20  pin  hermetic  and  molded  DIP  packages 

•  100%  product  assurance  testing  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  'LS241  and  'LS244  are  octal  buffers  fabricated  using 
advanced  low-power  Schottky  technology.  The  20-pin  pack- 
age provides  improved  printed  circuit  board  density  for  use 
in  memory  address  and  clock  driver  applications. 

Three-state  outputs  are  provided  to  drive  bus  lines  directly. 
The  Am25LS241  and  Am25LS244  are  specified  at  48mA  and 
24mA  output  sink  current,  while  the  Am54LS/74LS241  and 
Am54LS/74LS244  are  guaranteed  at  12mA  over  the  military 
range  and  24mA  over  the  commercial  range.  Four  buffers  are 
enabled  from  one  common  line  and  the  other  four  from  a 
second  enable  line. 

The  'LS241  has  enable  inputs  of  opposite  polarity  to  allow 
use  as  a  transceiver  without  overlap.  The  'LS244  enables  are 
of  similar  polarity  for  use  as  a  unidirectional  buffer  in  which 
both  halves  are  enabled  simultaneously. 

Improved  noise  rejection  and  high  fan-out  are  provided  by 
input  hysteresis  and  low  current  PNP  inputs. 


LOGIC  DIAGRAMS 


'LS241 


—        —  ~ 1Y3    2A3  —   


'LS241 


INPUTS 

OUTPUTS 

1G 

2G 

A 

Y 

H 

L 

X 

z 

L 

H 

H 

H 

L 

H 

L 

L 

'LS244 


1Y1  2A1- 


Note:  All  devices  have  input  hysteresis. 


-1Y4  2A4- 


'LS244 


INPUTS 

OUTPUT 

G 

A 

H 

X 

z 

L 

H 

H 

L 

L 

L 

T5C 

1A1  [Z. 
2Y4  Q 
1A2  Q 
2Y3  Q 
1A3  Q 
2Y2  Q 
1A4  Q 
2Y1  Q 
GND  Q 


CONNECTION  DIAGRAMS 
Top  Views 


□  vcc 

2G 
1Y1 

Z]  2A4 

13 2A3 
Zl 1Y3 

I  2A2 
^  2A1 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOLS 


11      13     15  17 


1A1  1A2  1A3  1A4  2A1  2A2  2A3  2A4 
1G  'LS241  2G 

1Y1   1Y2    1Y3   1Y4       2Y1  2Y2  2Y3  2Y4 


18     16      14  12 


11      13      15  17 


1A1  1A2  1A3  1A4  2A1  2A2  2A3  2A4 
1G  XS244  2G 

1Y1    1Y2    1Y3    1Y4        2Y1    2Y2   2Y3  2V4 


18      16     14  12 


VCC  =  pin  20 
GND  =  Pin  10 
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MIL  TA  =  -55°C  to  +125°C  Vcc  =  5.0V  ±  10%      (MIN.  =  4.50V    MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 


Description 


Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max.  Units 


V0H 

High-Level  Output  Voltage 

VCc  =  MIN.,  VIH  =  2.0V 

l0H  =  -3.0mA,  V,L  =  V|LMAX. 

2.4 

3.4 

Volts 

VCC  =  MIN., 
V,u  =  0.5V 

MIL,  l0H  =  -12mA 

2.0 

COM'L,  l0H  =  -15mA 

2.0 

vOL 

Low-Level  Output  Voltage 

Vcc  =  MIN- 

All  l0L  =  12mA 

0.25 

0.4 

Volts 

All  l0L  =  24mA 

0.35 

0.5 

COM'L,  l0L  =  «i"A 

n 

V,H 

High-Level  Input  Voltage 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Low-Level  Input  Voltage 

COM'L 

0.8 

Volts 

MIL 

0.7 

V|K 

Input  Clamp  Voltage 

Vcc  =  MIN-  !|  =  "18mA 

-1.5 

Volts 

Hysteresis  (Vy+  —  Vx— ) 

VCC  =  MIN. 

0.2 

0.4 

Volts 

Iq2  H 

Off-State  Output  Current, 
High  Level  Voltage  Applied 

Vcc  =  MAX. 
Vm  -  2.0V 
VIL  =  VILMAX. 

V0  =  2.7V 

20 

MA 

l0ZL 

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  =  0.4V 

-20 

'l 

Input  Current  at  Maximum 
Input  Voltage 

Vcc  =  MAX.,  V,  m  7.0V 

0.1 

mA 

l|H 

High-Level  Input  Current,  Any  Input 

Vcc  =  MAX.,  V|H  =  2.7V 

20 
-200 

MA 

■iL 

Low-Level  Input  Current 

Vcc  =  MAX-.  VIL  =  °-4V 

>iA 

■sc 

Short  Circuit  Output  Current  (Note  3) 

VCC  =  MAX. 

-50 

-225 

mA 

ice 

Supply  Current 

Vcc  =  MAX. 
Outputs  open 

All  Outputs  HIGH 

13 

23 

mA 

All  Outputs  LOW 

27 

46 

Outputs  at  Hi-Z 

32 

54 

Notes:  1. 

2. 
3. 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 
All  typical  values  are  Vcc  =  5.0V,  Ta  -  25°C. 

Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 


MAXIMUM  RATINGS  above  which  the  useful  life  may  be  impaired 


Storage  Temperature 


-65°Cto  +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply  Voltage  to  Ground  Potential 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output 

Current 

150mA 

DC  Input  Current 


-30mA  to  +5.0mA 
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Am25LS/54LS/74LS241/244 


Am54LS/74LS241  •Am54LS/74LS244 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L      TA  =  0°C  to  +70°C       Vcc  =  5.0V  ±  5%       (MIN.  =  4.75V  MAX.  =  5.25V) 

MIL  TA  =  -55°C  to  +  125°C  Vcc  =  5.0V  ±  10%      (MIN.  =  4.50V  MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max.  Units 


VOH 

High-Level  Output  Voltage 

Vcc  =  MIN.,  Vm  =  2.0V 

l0H  =  -3.0mA,  V|L  =  V,LMAX. 

2.4 

3.4 

Volts 

VCC  =  MIN., 
V,L  =  0.5V 

MIL,  l0H  =  -12mA 

2.0 

COM'L,  l0H=  -15mA 

2.0 

Vol 

Low-Level  Output  Voltage 

Vcc  =  MIN. 

All,  l0L  =  12mA 

0.25 

0.4 

Volts 

COM'L,  lOL  =  24mA 

0.35 

0.5 

v.. . 

VIH 

High-Level  Input  Voltage 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

Vn 

1 L 

Low-Level  Input  Voltage 

COM'L 

0.8 

Volts 

MIL 

0.7 

V|K 

Input  Clamp  Voltage 

Vcc  =  MIN.,  1,  =  -18mA 

-1.5 

Volts 

Hysteresis  (VT+  -  VT^) 

VCC  =  MIN. 

0.2 

0.4 

Volts 

'OZH 

Off-State  Output  Current, 
High  Level  Voltage  Applied 

Vcc  =  MAX. 
V|H  -  2.0V 
V,L  =  V,LMAX. 

V0  =  2.7V 

20 

/aA 

'OZL 

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  =  0.4V 

-20 

l| 

Input  Current  at  Maximum 
Input  Voltage 

Vcc  =  MAX.,  V,  =  7.0V 

0.1 

mA 

■iH 

High-Level  Input  Current,  Any  Input 

Vcc  =  MAX.,  V|H  =  2.7V 

20 

nA 

■|L 

Low-Level  Input  Current 

Vcc  =  MAX.,  V|L  =  0.4V 

-200 

/*A 

■sc 

Short  Circuit  Output  Current  (Note  3) 

Vcc  =  MAX. 

-50 

-225 

mA 

Ice 

Supply  Current 

Vcc  =  MAX. 
Outputs  open 

All  Outputs  HIGH 

13 

23 

mA 

All  Outputs  LOW 

27 

46 

Outputs  at  Hi-Z 

32 

54 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 

2.  All  typical  values  are  Vcc  =  5.0  V.  TA  «  25°C. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 


Metallization  and  Pad  Layouts 


'LS241 


'LS244 


20  VCC 


DIE  SIZE  0.060"  X  0.103"  DIE  SIZE  0.060"  X  0.103" 
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Am25LS/54LS/74LS241/244 
SWITCHING  CHARACTERISTICS 


\ '  A  —  t* 

r  a  I  a  1 1  icll 

•>  >->  »CC  —  ' 

rs  Description 

Am2SLS241 
Am25LS244 

Min.      Typ.  Max. 

Am54LS/74LS241 
Am54LS/74LS244 

Min.      Typ.  Max. 

Test  Conditions 
Units          (Notes  1  -5) 

tpLH 

Propagation  Delay  Time, 
Low-to-High-Level  Output 

10 

15 

12 

18 

ns 

CL  =  45pF 
RL  =  667Q 

*PHL 

Propagation  Delay  Time, 
High-to-Low-Level  Output 

12 

18 

12 

18 

ns 

*PZL 

Output  Enable  Time  to  Low  Level 

20 

30 

20 

30 

ns 

*PZH 

Output  Enable  Time  to  High  Level 

15 

23 

15 

23 

ns 

*PLZ 

Output  Disable  Time  from  Low  Level 

15 

25 

15 

25 

ns 

CL  =  5.0pF 
R(_  =  667Q 

*PHZ 

Output  Disable  Time  from  High  Level 

10 

18 

10 

18 

ns 

Am25L 
SWITCI 
OVER  ( 

Paramet 

S  ONLY 

4ING  CHARACTERISTICS 
DERATING  RANGE* 

srs  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°Cto  +125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

Propagation  Delay  Time, 
Low-to-High-Level  Output 

21 

24 

ns 

CL  =  45pF 
RL  =  667n 

*PHL 

Propagation  Delay  Time, 
High-to-Low-Level  Output 

25 

28 

ns 

•PZL 

Output  Enable  Time  to  Low  Level 

41 

47 

ns 

*PZH 

Output  Enable  Time  to  High  Level 

31 

47 

ns 

*PLZ 

Output  Disable  Time  from  Low  Level 

34 

36 

ns 

CL  =  5.0pF 
RL  =  667fl 

*PHZ 

Output  Disable  Time  from  High  Level 

25 

28 

ns 

*AC  perfo 


mance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


LOAD  CIRCUIT  FOR 
THREE-STATE  OUTPUTS 


VOLTAGE  WAVEFORMS 
ENABLE  AND  DISABLE  TIMES,  THREE-STATE  OUTPUTS 


i 


Notes:  1.  Waveform  1  is  for  an  output  with  internal  conditions  such  that  the  output  is  low  except  when  disabled  by  the  output  control. 

2.  Waveform  2  is  for  an  output  with  internal  conditions  such  that  the  output  is  high  except  when  disabled  by  the  output  control. 

3.  In  the  examples  above,  the  phase  relationships  between  inputs  and  outputs  have  been  chosen  arbitrarily. 

4.  Pulse  generator  characteristics:  PRR  =s  1.0MHz,  Hqut  ""  5°0,  tr  «  15ns,  if  =s  6ns. 

5.  When  measuring  tPLH  and  tPHL,  switches  St  and  S2  are  closed. 


3-117 


Am25LS242 •  Am54LS/74LS242 
Am25LS243 •  Am54LS/74LS243 

Quad  Bus  Transceivers  with  Three-State  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs  drive  bus  lines  directly 

•  Hysteresis  at  inputs  improve  noise  margin 

•  PNP  inputs  reduce  D.C.  loading  on  bus  lines 

•  Data  to  output  propagation  delay  times  -  18ns  MAX. 

•  Enable  to  output  -  30ns  MAX. 

•  Am25LS242  and  Am25LS243  are  specified  at  48mA  output 
current 

•  100%  product  assurance  testing  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  'LS242  and  'LS243  are  quad  bus  transceivers  designed 
for  asynchronous  two-way  communications  between  data 
buses. 

The  'LS242  and  'LS243  have  the  two  4-line  data  paths  con- 
nected input-to-output  on  both  sides  to  form  an  asynchron- 
ous transceiver/buffer  with  complementing  enable  inputs. 
The  'LS242  is  inverting,  while  the  'LS243  presents  non- 
inverting  data  at  the  outputs. 

Three-state  outputs  are  provided  to  drive  bus  lines  directly. 
The  Am25LS242  and  Am25LS243  are  specified  at  48mA  and 
24mA  output  sink  current,  while  the  Am54/74LS242  and  243 
are  guaranteed  at  12mA  over  the  military  range  and  24mA 
over  the  commercial  range. 

Improved  noise  rejection  and  high  fan-out  are  provided  by 
input  hysteresis  and  low  current  PNP  inputs. 


Am54LS/74LS242 


LOGIC  DIAGRAMS 


Am54LS/74LS243 


Note:  All  devices  have  input  hysteresis. 


CONNECTION  DIAGRAMS 
Top  Views 


NC  ^ 


Note:  Pin  1  is  marked  for  orientation 


LOGIC  SYMBOLS 


3  4  5  6 


3  4  5  6 


1A  2A  3A  4A 

GAB  'LS242  GBfl 

IB         2B         3B  4B 


TTTT 


1A  2A  3A 

— Ol  GAB  LS243  GBA 
13              1  ^ 

IB  ZB  3B 


11         10  9 


11         10  9  8 


Vcc  =  Pin  14 
GND  =  Pin  7 
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Am25LS242  •  Am25LS243 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  unless  Otherwise  Specified: 
COM'L      TA  =  0°C  to  +70°C       Vcc  =  5.0V  ±  5%       (MIN.  =  4.75V 
MIL  TA  =  -55°C  to  +125°C  Vcc  =  5.0V  ±  10%      (MIN.  =  4.50V 


MAX.  =  5.25V) 
MAX.  =  5.50V) 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Typ. 
Miin.       (Note  2) 


Max.  Units 


V0H 

High-Level  Output  Voltage 

Vcc  =  MIN.,  V|H  =  2.0V 

l0H  =  -3.0mA,  V,L  =  V,LMAX. 

2.4 

3.4 

Volts 

VCC  =  MIN., 
V,L  =  0.5V 

MIL,  l0H  =  -12mA 

2.0 

COM'L,  Iqh=  -15mA 

2.0 

Vol 

Low-Level  Output  Voltage 

VCC  =  MIN. 

All  l0L  =  12mA 

0.25 

0.4 

Volts 

All  l0L  =  24mA 

0.35 

0.5 

COM'L,  l0L  =  "8mA 

0.55 

VIH 

High-Level  Input  Voltage 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

V/s\ltc 
VOIIS 

V|L 

Low-Level  Input  Voltage 

COM'L 

0.8 

Volts 

MIL 

0.7 

vIK 

Input  Clamp  Voltage 

Vcc  =  MIN.,  1,  =  -18mA 

-1.5 

Volts 

Hysteresis  (VT+  -  VT_) 

VCc  =  MIN- 

0.2 

0.4 

Volts 

'OZH 

Off -State  Output  Current, 
High  Level  Voltage  Applied 

Vcc  =  MAX- 
V|H  =  2.0V 
VIL  =  V|LMAX. 

V0  =  2.7V 

20 

fiA 

■  

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  =  0.4V 

—on 

■l 

Input  Current  at  Maximum 
Input  Voltage 

Vcc  =  MAX-  V|  =  7.0V 

0.1 

mA 

•lH 

High-Level  Input  Current,  Any  Input 

VCC  =  MAX.,  Vm  =  2.7V 

20 

hi 

Low-Level  Input  Current 

VCC  =  MAX.,  V,L  =  0.4V 

-200 

•sc 

Short  Circuit  Output  Current  (Note  3) 

Vcc  =  MAX. 

-50 

-225 

mA 

Ice 

Supply  Current 

Vcc  =  MAX. 
Outputs  open 
(Note  4) 

All  Outputs 
HIGH 

'LS242,  'LS243 

22 

38 

mA 

All  Outputs 
LOW 

'LS242,  'LS243 

29 

50 

Outputs  at 

'LS242 

29 

50 

Hi-Z 

'LS243 

32 

54 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 
2J  All  typical  values  are  Vcc  =  5.0V,       =*  25°C. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 

4.  For  'LS242  and  'LS243  Ice  is  measured  with  transceivers  enabled  in  one  direction  only,  or  with  all  transceivers  disabled. 


MAXIMUM  RATINGS  above  which  the  useful  life  may  be  impaired 


Storage  Temperature 

-65°Cto  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Outp 

ut  Current 

150mA 

DC  Inpu 

t  Current 

-30mA  to  +5.0mA 
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Am54LS/74LS242  •  Am54LS/74LS243 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  unless  Otherwise  Specified: 

COM'L      TA  =  0°C  to  +70°C       Vcc  =  5.0V  ±  5%       (MIN.  =  4.75V  MAX. 

MIL  TA!=  -55°C  to  +  125°C  Vcc  =  5.0V  ±  10%      (MIN.  =  4.50V  MAX. 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


5.25V) 
5.50V) 


Parameters 


Description 


Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max.  Units 


V0H 
UH 

High-Level  Output  Voltage 

Vcc  =  MIN.,  Vm  =  2.0V 

l0H  =  -3.0mA,  V|U  =  V|UMAX. 

2.4 

3.4 

Volts 

VCC  =  MIN., 
V,L  =  0.5V 

MIL,  l0H  =  -12mA 

2.0 

COM'L,  l0H=  -15mA 

2.0 

Vol 

Low-Level  Output  Voltage 

Vcc  =  MIN. 

All,  l0L  =  12mA 

0.25 

0.4 

Volts 

COM'L,  l0L  =  24mA 

0.35 

0.5 

w 

VIH 

High-Level  Input  Voltage 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

Vn 

Low-Level  Input  Voltage 

COM'L 

0.8 

Volts 

MIL 

0.7 

V,K 

Input  Clamp  Voltage 

Vcc  =  MIN.,  1,  =  -18mA 

-1.5 

Volts 

Hysteresis  (VT+  -  VT_) 

Vcc  =  MIN. 

0.2 

0.4 

Volts 

'OZH 

Off-State  Output  Current, 
High  Level  Voltage  Applied 

Vcc  =  MAX. 
V|H  -  2.0V 
V|L  =  V,LMAX. 

V0  =  2.7V 

20 

mA 

1  

'OZL 

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  =  0.4V 

—20 

■l 

Input  Current  at  Maximum 
Input  Voltage 

VCC  =  MAX.,  V,  =  7.0V 

0.1 

mA 

■iH 

High-Level  Input  Current,  Any  Input 

Vcc  MAX.,  Vm  =  2.7V 

20 

**A 

Nl 

Low-Level  Input  Current 

Vcc  =  MAX.,  V|L  =  0.4V 

-200 

mA 

>sc 

Short  Circuit  Output  Current  (Note  3) 

VCC  =  MAX. 

-50 

-225 

mA 

'cc 

Supply  Current 

Vcc  =  MAX. 
Outputs  open 
(Note  4) 

All  Outputs 
HIGH 

'LS242,  LS243 

22 

38 

mA 

All  Outputs 
LOW 

'LS242,  'LS243 

29 

50 

Outputs  at 
Hi-Z 

'LS242 
'LS243 

29 
32 

50 
54 

Notes:  1.  For  conditions  shown  as  MIN'  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 

2.  All  typical  values  are  Vcc  =  5.0V,  Ta  ■  25°C. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 

4.  For  'LS242  and  'LS243  Ice 's  measured  with  transceivers  enabled  in  one  direction  only,  or  with  all  transceivers  disabled. 


Metallization  and  Pad  Layouts 


Vcc  14  ■ 
GAB       1  ■ 


TA  3  - 
2A  4  - 
3A       5  - 


DIE  SIZE  0.060"  x  0.103" 


DIE  SIZE  0.060"  x  0.103" 
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Am25LS/54LS/74LS242/243 


Low-to-High-Level  Output 

O.U 

1 2 

9.0 

14 

ns 

CL  =  45pF 
RL  —  667ft 

*PHI 

Propagation  Delay  Time, 
High-to-Low-Level  Output 

12 

16 

12 

18 

ns 

tpZL 

Oiifniit  Cnohla  Time  tr\  t  nuj  1  mja| 

wuipui  cnaufe  i  ime  10  low  Level 

20 

30 

20 

30 

*PZH 

Output  Enable  Time  to  High  Level 

15 

23 

1  c 

Id 

ns 

♦PLZ 

Output  Disable  Time  from  Low  Level 

15 

25 

15 

25 

ns 

CL  =  5.0pF 
RL  =  667ft 

*ph; 

Output  Disable  Time  from  High  Level 

10 

18 

10 

18 

ns 

s    Tast  Conditions 

Am25LS242  ONLY 
cuiiTruiMf;  ruADArTcnicTirc 

Am25LS  COM'L 

Am25LS  MIL 

OVER 

Param 

OPERATION  RANGE* 
stars  Dascription 

TA  =  0°C  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°Cto  +125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

Unit 

*PLH 

Propagation  Delay  Time, 
Low-to-High-Level  Output 

16 

19 

ns 

Cu  =  45pF 
RL  =  667ft 

*PHL 

Propagation  Delay  Time, 
High-to-Low-Level  Output 

22 

25 

ns 

*PZL 

Output  Enable  Time  to  Low  Level 

37 

42 

ns 

*PZH 

Output  Enable  Time  to  High  Level 

29 

33 

ns 

*PLZ 

Output  Disable  Time  from  Low  Level 

33 

38 

ns 

CL  =  5.0pF 
RL  =  667ft 

lPHZ 

Output  Disable  Time  from  High  Level 

25 

28 

ns 

A  m25  LS243  •  A  m54  LS/74LS243 


swm 

(TA  =  - 
Parame 

JHING  CHARACTERISTICS 

-25°C,  Vcc  =  5.0V) 

ters  Description 

Am25LS243 

Am54LS/74LS243 

Test  Conditions 
Units         (Notes  1-5) 

Min.      Typ.  Max. 

Min.      Typ.  Max. 

*PLH 

Propagation  Delay  Time, 
Low-to-High-Level  Output 

10 

15 

12 

18 

ns 

CL  =  45pF 
RL  =  667ft 

*PHL 

Propagation  Delay  Time, 
High-to-Low-Level  Output 

12 

18 

12 

18 

ns 

*PZL 

Output  Enable  Time  to  Low  Level 

20 

30 

20 

30 

ns 

*PZH 

Output  Enable  Time  to  High  Level 

15 

23 

15 

23 

ns 

*PLZ 

Output  Disable  Time  from  Low  Level 

15 

25 

15 

25 

ns 

CL  =  5.0pF 
RL  =  667ft 

tpHZ 

Output  Disable  Time  from  High  Level 

10 

18 

10 

18 

ns 

Am25 
SWITC 
OVER 

Parame 

-S243  ONLY 

:hing  characteristics 
operation  range* 

ters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Tast  Conditions 

TA  =  OX  to  +70X 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55X  to  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

Propagation  Delay  Time, 
Low-to-High-Level  Output 

21 

24 

ns 

CL  =  45pF 
RL  =  667ft 

lPHL 

Propagation  Delay  Time, 
High-to-Low-Level  Output 

25 

28 

ns 

*PZL 

Output  Enable  Time  to  Low  Level 

41 

47 

ns 

*PZH 

Output  Enable  Time  to  High  Level 

33 

49 

ns 

*PLZ 

Output  Disable  Time  from  Low  Level 

36 

38 

ns 

CL  =  5.0pF 
RL  =  667ft 

*PHZ 

Output  Disable  Time  from  High  Level 

25 

28 

ns 
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SWITCHING  CHARACTERISTICS  TEST  CONDITIONS 


LOAD  CIRCUIT  FOR 
THREE-STATE  OUTPUTS 


VOLTAGE  WAVEFORMS 
ENABLE  AND  DISABLE  TIMES.  THREE-STATE  OUTPUTS 


OUTPUT 
CONTROL 
(LOW-LEVEL 
ENABLING) 


WAVEFORM  2  - 


sl8.s2 

CLOSED 


CLOSED 


0.5V  T 
0.5V 


V0H 

N1.5V 


Notes   1 .  Waveform  1  is  for  an  output  with  internal  conditions  such  that  the  output  is  low  except  when  disabled  by  the  output  control. 

2.  Waveform  2  is  for  an  output  with  internal  conditions  such  that  the  output  is  high  except  when  disabled  by  the  output  control. 

3.  In  the  examples  above,  the  phase  relationships  between  inputs  and  outputs  have  been  chosen  arbitrarily. 

4.  Putse  generator  characteristics:  PRR  <  1  MHz,  Zqut  m  50fi,  tr  <  1 5ns,  tf  <  6ns. 

5.  When  measuring  tp|_h)  and  tpni_<  switches  S-j  and  S2  are  closed. 


FUNCTION  TABLES 


Am54LS/74LS242 


CONTROL 

DATA 

INPUTS 

OUTPUTS 

GAB  GBA 

A  B 

H  H 

0  I 

L  H 

H  L 

ISOLATED 

L  L 

I  0 

I  = Input 

H  =  HIGH 

O  =  Output 

L  =  LOW 

0  =  Inverting  Output 

Am54LS/74LS243 


CONTROL 
INPUTS 

DATA 
OUTPUTS 

'GAB  GBA 

A  B 

H  H 

L  H 
H  L 
L  L 

0  I 

ISOLATED 
I  0 

"Possible  destructive  oscillation  may  occur  if  the  transceivers  are  enable  in  both  directions  at  once. 
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Am54LS/74LS245 

Octal  Bus  Transceiver 


Advanced  Micro  Devices  has  no  current 
plans  to  manufacture  this  product. 

See  the  Am8304  for  a  recommended 
improved  Octal  Bus  Transceiver. 
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Am25LS251  •  Am54LS/74LS251 

Eight-Input  Multiplexers 


Am25LS251  •  Am54LS  74LS251  data 
is  combined  with  the  Am25LS151. 

See  Am25LS151  data  sheet  for  full 
information. 


FUNCTIONAL  DESCRIPTION 

The  Am25LS151  and  the  Am25LS251  are  eight-input 
multiplexers  that  switch  one  of  eight  inputs  onto  the 
inverting  and  non-inverting  outputs  under  the  control  of  a 
three-bit  select  code.  The  inverting  output  W  is  one  gate 
delay  faster  than  the  non-inverting  output  Y. 

The  Am25LS251  provides  an  active-LOW  strobe.  When  the 
strobe  is  HIGH,  the  inverting  output  (W)  is  HIGH  and  the 
non-inverting  output  (Y)  is  LOW. 

The  Am25LS251  features  a  three-state  output  for  data  bus 
organization.  The  active-LOW  strobe,  or  "output  control" 
applies  to  both  the  inverting  and  non-inverting  output. 
When  the  output  control  is  HIGH,  the  outputs  are  in  the 
high-impedance  state.  When  the  output  control  is  LOW, 
the  active  pull-up  output  is  enabled. 

The  Am54LS/74LS251  is  a  standard  performance  version 
of  the  Am25LS251 .  See  appropriate  electrical  characteristics 
tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


■LS251  ONLY 


CONNECTION  DIAGRAM 
Top  View 


VCC    D4      D5     06      07      A       8  C 

nnnnnnnn 

16     15      14      13      12      11      ID  9 


LOGIC  SYMBOL 


4       3       2       1       15     14      13  12 


'2345678 

UUUUUUUU 

°3      02      Di      Do      Y       W       S  GND 


Note:  Pin  1  is  marked  for  orientation. 


VCC  =  Pin  16 
GND  =  Pin  8 
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Am25LS253  •  Am54LS/74LS253 

Dual  4-Line  to  1-Line  Data  Selectors/Multiplexers 


Am25LS253«Am54LS/74LS253  data 
is  combined  with  the  Am25LS153. 

See  Am25LS153  data  sheet  for  full 
information 


FUNCTIONAL  DESCRIPTION 

These  dual  four-input  multiplexers  provide  the  digital 
equivalent  of  a  two-pole,  four  position  switch  with  the  posi- 
tion of  both  switches  set  by  the  logic  levels  supplied  to 
the  select  inputs  A  and  B.  Each  section  of  the  Am25LS153 
has  a  separate  active-LOW  enable  (strobe)  input  that  forces 
the  output  of  that  section  LOW  when  a  HIGH  level  is 
applied  regardless  of  the  other  inputs. 

The  Am25LS253  features  a  three-state  output  to  inter- 
face with  bus-organized  systems.  Each  section  of  the 
Am25LS253  has  a  separate  active-LOW  output  control 
that  disables  the  output  driver  (high-impedance  state)  of 
that  section  when  a  HIGH  logic  level  is  applied  regardless 
of  the  other  inputs. 

The  Am54LS/74LS1 53  and  253  are  standard  performance 
versions  of  the  Am25LS1 53  and  253.  See  appropriate  electri- 
cal characteristic  tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


G  =  Strobe  on  'LS153 
G  =  Output  Enable  on  'LS253 


CONNECTION  DIAGRAM 
Top  View 


Vcc    2G      A     2C3  2C2    2C1    2C0  2Y 

nnnnnnnn 

16     15      14      13      12      11      10  9 


12       3       4       5       6       7  1 

uuuuuuuu' 

1G       B      1C3    1C2    1C1    1  CO     1Y  GND 


Note :  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


6       5       4       3  10      11      12  13 


1C0    1C1    1C2    1C3       2C0    2C1    2C2  2C3 


1 G  DATA  1 
A  SELECT 

B SELECT 

2G  OUTPUT 


VCC  =  Pin  16 
GND  =  Pin  8 
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Am25LS257  •  Am54LS/74LS257 
Am25LS258  •  Am54LS/74LS258 

Quadruple  2-Line  To  1-Line  Data  Selectors/Multiplexers  With  3-State  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs 

•  Pin-outs  identical  to  standard  TTL  'LS157  and  'LSI 58 
devices 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol 

—  Twice  the  fan-out  over  military  range 

—  440/jA  source  current 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  2-line  to  1-line  data  selector  multiplexer  can  be  used  to 
transfer  data  to  a  common  data  bus  directly  by  using  the 
three-state  capability  of  the  device.  With  the  output  control 
(OE)  HIGH,  the  four  outputs  of  the  data  selector  are  in  the 
high  impedance  state.  With  the  output  control  LOW,  the 
selected  four  bits  (A  or  B  inputs)  are  bussed  onto  the  four 
data  lines. 

The  Am54LS/74LS257  and  258  are  standard  performance 
versions  of  the  Am25LS257  and  258.  See  appropriate  electri- 
cal characteristic  tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAMS 


'LS257 


'LS258 


(21  ^ 


4> 


I-  D 


CONNECTION  DIAGRAM 
Top  View 


Vcc  OE     4A     4B     4Y     3A     3B  3Y 

nnnnnnrin 

!6      15      14      13      12      11      10  9 


1       2       3       4       5       6       7  8 

uuuuuuuu 

1A     IB      1Y     2A     2B     2Y  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOLS 


'LS257 


'LS258 


2    3    5    6   11  10  14  13 


2    3    5    6   11  10  14  13 


4         7         9  12 


TTTT 

4         7         9  12 


VCC  -  Pin  16 
GND  =  Pin  8 
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COM'L 
MIL 


Ta 

DC  CHARACr 
Parameters 


0  C  to  +70  C 
-5S°C  to  +125°C 


vcc: 
vCc- 


5.0V  ±  5% 
B.OV  i  10% 


(MIN. 
(MIN. 


4.75V 
4.50V 


MAX. 
MAX. 


=  5.25V) 
>  5.50V) 


RISTICS  OVER  OPERATING  RANGE 

Description  Test  Conditions  (Note  i) 


Min. 


Typ. 

(Note  2)  Max. 


Units 


VOH 

Output  HIGH  Voltage 

VCC  =  MIN., 
V|N  =  VIH 
or  V|L 

MIL,  l0H=-1mA 

2.4 

3.4 

Volts 

COM'L,  I  OH  =  —2.6mA 

2.4 

3.2 

vOL 

Output  LOW  Voltage 

Iql  =  4mA 

0.4 

Volts 

Iql  =  8mA 

0.45 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0  8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|M  =  -18mA 

 ^  g 

Volts 

«*L 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

S,  OE 

—0.36 

mA 

Others 

-0.4 

Hh 

Input  HIGH  Current 

Vcc  ■  MAX.,  V|N  -  2.7V 

S,  OE 

20 

MA 

Others 

20 

'i 

Input  HIGH  Current 

VCC  =  MAX.,  V!N  -  7.0V 

S,  51 

0.1 

mA 

Others 

0.1 

'oz 

Off-State  (HIGH  Impedance) 
Output  Current 

Vcc  =  MAX. 

V0  =  2.4V 

20 

"A 

V0  =  0.4V 

-20 

'sc 

Output  Short  Circuit  Current  (Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

!CC 

Power  Supply 
Current 

All  Outputs  HIGH 

VCc  =  MAX- 
(Note  4) 

LS257 

6.3 

10.0 

mA 

LS258 

4.3 

8.0 

All  Outputs  LOW 

LS257 

8.2 

13.5 

mA 

LS258 

6.1 

11.0 

All  Outputs  OFF 

LS257 

9.7 

15.3 

mA 

LS258 

7.2 

11.2 

Notes:  1. 

2. 

3. 
4. 


For  conditions  shown  as  MIN.  or  MAX.  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
TypicaJ  limits  are  at  Vcc  =  5,0V,  25°C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time  and  duration  of  the  short  circuit  test  should  not  exceed  one  second. 
'CC  is  measured  with  all  outputs  open  and  all  possible  inputs  grounded  while  achieving  the  stated  output  conditions. 


Am25LS  •  Am54LS/74LS 
MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperat 

jre  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input 

Voltage 

-0.5  V  to  +7.0  V 

DC  Outpu 

t  Current,  Into  Outputs 

30  mA 

DC  Input 

Current 

-30  mA  to  +5.0  mA 
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Am25LS/54LS/74LS257/258 


Am54LS/74LS257  •  Am54LS/74LS258 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L       TA  =  0°C  to  +70°C  Vcc  =  5.0V  ±  5%  (MIN.  =  4.75V  MAX.  =  5.25V) 

MIL  TA  1  -55°C  to  +125°C        Vcc  =  5.0Vi10%        (MIN.  =  4.50V  MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Description  Test  Conditions  (Note  D 


Parameters 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


Vqh 


vol 


Output  HIGH  Voltage 


Output  LOW  Voltage 


VCC  =  MIN., 

VIN  =  VIH 
or  V|L 


54LS,  Iqh  "  -1mA 


74LS,  l0H  "  -2.6mA 


All,  Iql  =  4mA 


74LS  only,  lOL  =  8mA 


2.4 


2.4 


3.4 


0.4 


Input  HIGH  Level 


Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 


Input  LOW  Level 


Guaranteed  input  logical  LOW 
voltage  for  all  inputs 


74  LS 


Input  Clamp  Voltage 


VCC  =  MIN.,  I|N  -  -18mA 


'  I  L 


Input  LOW  Current 


VCC  =  MAX.,  V|N  =  0.4V 


-0.8 


Others 


Input  HIGH  Current 


VCC  =  MAX.,  V|M  =2.7V 


20 


MA 


Input  HIGH  Current 


VCC  ■  MAX.,  V|N  ■  7.0V 


0.2 


lOZ 


Off-State  (HIGH  Impedance) 
Output  Current 


VCC  =  MAX. 


V0  =  2.4  V 


V0  =  0.4V 


MA 


•sc 


Output  Short  Circuit  Current  (Note  3) 


VCC  =  MAX. 


-15 


ice 


Power  Supply 
Current 


All  Outputs  HIGH 


All  Outputs  LOW 


VCC  =  MAX. 
(Note  4) 


All  Outputs  OFF 


LS257 


5.9 


10 


LS258 


9.2 


16 


LS258 


6.2 


LS257 


17 


LS258 


7.0 


12 


Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time  and  duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Icc  is  measured  with  all  outputs  open  and  all  possible  inputs  grounded  while  achieving  the  stated  output  conditions. 
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Am25LS/54LS/74LS257/258 
SWITCHING  CHARACTERISTICS 


(TA=+25°C,  VCC  =  5.0V) 
Parameters  Description 

Am25LS 
Min.        Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units      Test  Conditions 

'PLH 

Data  to  Output 

LS257 

8 

12 

12 

18 

ns 

CL  =  15pF 
R[_  =  2.0kS! 

LS258 

6 

12 

12 

18 

1PHL 

Data  to  Output 

LS257 

8 

12 

12 

18 

ns 

LS258 

7 

12 

12 

18 

'PLH 

Select  to  Output 

LS257 

14 

21 

14 

21 

ns 

LS258 

14 

21 

  1  

14 

21 

'PHL 

Select  to  Output 

LS257 

14 

21 

14 

21 

ns 

LS258 

14 

21 

14 

21 

«2H 

Control  to  Output 

13 

20 

20 

30 

ns 

tZL 

13 

20 

20 

30 

tHZ 

Control  to  Output 

12 

20 

14 

21 

ns 

CL  =  5.0pF 
R|_  =  2.0kSi 

*LZ 

13 

20 

14 

21 

Am2E 
SWIT 
OVEI 

Pararr 

Units    Test  Conditions 

)LS  ONLY 

CHING  CHARACTERISTICS 
}  OPERATING  RANGE* 

leters  Description 

Am25LS  COM'L 

Am25LS  MIL 

TA  =  OX  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =    55°C  to  +  125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PL 

1 

Data  to  Output 

LS257 

20 

23 

ns 

CL  =  50pF 
RL  =  2.0kfl 

LS258 

20 

23 

*PH 

Data  to  Output 

LS257 

20 

23 

ns 

LS258 

20 

23 

*PL 

1 

Select  to  Output 

LS257 

31 

36 

ns 

LS258 

31 

36 

lPH 

Select  to  Output 

LS257 

31 

36 

ns 

LS258 

31 

36 

tZH 

Control  to  Outpu 

t 

30 

35 

ns 

«ZL 

30 

35 

tHZ 

t 

26 

30 

ns 

RL  =  2.0kil 
CL  =  5.0pF 

tu 

Control  to  Outpu 

26 

30 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


DEFINITION  OF  FUNCTIONAL  TERMS 

IA,  2A,  3A,  4A   The  data  inputs  for  the  4-bits  of  the  A  word. 

IB,  2B,  3B,  4B    The  data  inputs  for  the  4-bits  of  the  B  word. 

1Y,  2Y,  3Y,  4Y  The  four  outputs  of  the  multiplexer. 

OE  Output  Control  When  the  output  control  is  HIGH,  the 
four  outputs  are  in  the  high  impedance  state.  When  the  output 
control  is  LOW,  the  selected  A  or  B  input  is  present  at  the  output. 

S  Select  When  the  select  input  is  LOW,  the  A  word  is  present 
at  the  output.  When  the  select  input  is  HIGH,  the  B  word  is 
present  at  the  output. 


FUNCTION  TABLE 


INPUTS 


Output 
Control 


H  -  HIGH      L  =  LOW      X  =  Don't  Care     Z  =  High  Impedance 


Select 


OUTPUTS 


'LS257 


'LS258 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25LS/54LS/74LS257/258 





APPLICATION 


1/2  OF 
Am54LS/74LS139 


Y0    Y1    Y2  Y3 


WORD  A        WORD  B 

MM  M^ 

1A  2A3A4A  JB  2B  3B  4B 
I— 0|OE 

'LS257 
1Y       2Y       3Y  4Y 


WORDC         WORD  D 


M  M  M 


1A  2A3A4A  IB  28  3B  4B 
OE 

'LS257 

S 

1Y       2Y       3Y  4Y 


WORD  E         WORD  F 


1A  2A  3A  4A  IB  2B  3B  4B 
3E 

LS257 

5 

1Y       2Y       3Y  4Y 


WORD  G        WORD  H 


1A  2A  3A  4A  IB  2B  38  4B 

H 

'LS2S8 
1Y       2Y       3Y  4Y 


XT 


D,       D2  D3 

D4 

CLOCK   

Am25LS08 

ENABLE   O 

Qj       Q2  Q3 

Q4 

nrmTi 

1234 


8-Word,  4-Bit  Multiplexer 


Metallization  and  Pad  Layout 


DISTINCTIVE  CHARACTERISTICS 

•  Eight-bit,  high-speed  parallel  registers 

•  Buffered  outputs  to  eliminate  output  commutation 

•  Positive  edge-triggered  D-type  flip-flops 

•  Common  clock  and  common  clear 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

-  50mV  lower  VOL  at  'OL  =  ^mA 

-  jTwice  the  fan-out  over  military  range 

-  440uA  source  current  at  HIGH  output 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS273B  and  the  Am54LS/74LS273B  are  eight-bit 
registers  built  using  Advanced  Low-Power  Schottky  Tech- 
nology. These  registers  consist  of  D-type  flip-flops  with  a 
buffer  common  clock  and  an  asynchronous  active  LOW 
buffered  common  clear. 

When  the  clear  input  is  LOW,  the  Q  outputs  are  LOW, 
independent  of  the  other  inputs.  Information  meeting  the_ 
set-up  and  hold  time  requirements  of  the  D  inputs  is  trans- 
ferred to  the  Q  outputs  on  the  LOW-to-HIGH  transition  of 
the  clock  input.  These  devices  are  supplied  in  the  20-pin 
space  saving  package  featuring  0.3-inch  centers  between  rows 
of  leads. 


Note:  The  B  designation  identifies  buffered  output  versions  pro- 
vided to  eliminate  output  commutation. 


LOGIC  DIAGRAM 


JX  jX  Jl^  jX  J_L  J, 


t     t  t 


Y      Y      Y  Y 


CONNECTION  DIAGRAM 
Top  View 


VCC    Q7     D7     D6     Q6     Q5     D5     °4     Q4  CP 

nnnnnnnnnn 

20     19     18      17     16      15     14      13     12  11 


23456789  10 

uuuuuuuuuu 

CL     Qq     Oq     D,     0]     Q2     D2     O3     Q3  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3       4       7       8  13 


D0     D,     D2     D3     D4     D5     D6  D7 


Q0     O,     Q2     Q3     Q4     Q5     Qg  Q7 


TT 


2      5      6      9      12     15     16  19 


Vcc  =  Pin  20 
GND  -  Pin  10 


3-131 


Am25LS/54L  S/74LS273B 


Am25LS273B 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70°C  VCC  =  5.0V±5%         MINI.  -4.75  V  MAX. -5.25  V 

MIL  TA  =  -55°C  to  +125°C        VCC-5.0V±10%       MIN.  -4.50  V  MAX.  =  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  11 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

( 

}utput  HIGH  Voltage 

VCC  =  MIN.,  I0H  -  "^40 uA 
V|N  "  V|H  °r  V|L 

MIL 

2.6 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

< 

)utput  LOW  Voltage 

VCC  =  MIN. 

ViN  =  Vm  or  V|L 

Iql  =  4.0mA 

0.4 

Volts 

Iql  =  8.0mA 

0.45 

V|H 

1 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

1 

nput  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0  8 

V| 

1 

nput  Clamp  Voltage 

VCC  =  MIN.,  ltN  =  -18mA 

-1.5 

Volts 

■  1 1_ 

nput  LOW  Current 

VCC  =  MAX.,  V,N  -  0.4V 

-0.36 

mA 

'|H 

nput  HIGH  Current 

VCC  =  MAX.,  V|N  «  2.7  V 

20 

MA 

•l 

nput  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

"sc 

Dutput  Short  Circuit  Current 
Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

'cc 

3ower  Supply  Current 
Note  4) 

VCC  -  MAX. 

17 

27 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  -  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  outputs  open  and  4.5  V  applied  to  the  data  and  clear  input.  Measured  after  a  momentary  ground,  then  4.5  V  applied  to  the  clock  input. 


Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired)  

Storage  Temperature  — 65°C  to  +1 50°  C 


Temperature  (Ambient)  Under  Bias 

-55°C  to  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5Vto+7.0V 

DC  Output  C 

urrent,  Into  Outputs 

30  mA 

DC  Input  Cut 

rent 

-30  mA  to  +5.0  mA 
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Am54LS/74LS273B 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70° C  Vcc  -  5.0V  ±5%        MIN.=  4.75  V 

MIL         TA  =  -55°C  to  +125°C  VCC-5.0V+10% 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


MAX.  =  5.25  V 
MINI.  -4.50V      MAX.  =  5.50  V 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


vOH 

Output  HIGH  Voltage 

VCC  =  MIN.,  I0H  -  -400 |iA 
VIN  ■  VIH  °r  VIL 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  Vm  or  V|L 

All,  Iql  =  4.0mA 

0.4 

Volts 

74LS  only,  l0L  =  8.0mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  1 -  -18mA 

-1.5 

Volts 

1 1 L 

Input  LOW  Current 

VCC  ■  MAX.,  V|N  =  0.4  V 

-0.4 

mA 

1 IH 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

20 

MA 

l| 

Input  HIGH  Current 

VCC  "  MAX-  VIN  "  7  0V 

0.1 

mA 

•sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15  , 

-100 

mA 

•cc 

Power  Supply  Current 
(Note  4) 

VCC  =  MAX. 

17 

27 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  outputs  open  and  4.5  V  applied  to  the  data  and  clear  input.  Measured  after  a  momentary  ground,  then  4.5  V  applied  to  the  clock  input. 


DEFINITION  OF  FUNCTIONAL  TERMS 


Dj 
CL 

CP 
Qi 


The  D  flip-flop  data  inputs. 

Clear.  When  the  clear  is  LOW,  the  Qj  outputs  are  LOW, 
regardless  of  the  other  inputs.  When  the  clear  is  HIGH, 
data  can  be  entered  in  the  register. 

Clock  pulse  for  the  register.  Enters  data  on  the  positive 
transition. 

The  TRUE  register  outputs. 


FUNCTION  TABLE 


INPUTS 

OUTPUT 

Clear 

Clock 

Di 

Qj 

L 

X 

X 

L 

H 

L 

X 

NC 

H 

H 

X 

NC 

H 

t 

L 

L  - 

H 

t 

H 

H 

H  -  HIGH 

X  = 

Don't  Care 

L  -  LOW 

t  -  LOW-to-HIGH  Transition 


NC  =  No  Change 
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Am25LS/54LS/74LS273B 


SWITCH^ 

(TA  =  +25°  C 

Par  a  mo  tore 
r  dldlllc  LCI  i 

IG  CHARACTERISTICS 

vCc  =  5.ov) 

Description 

Am25LS 
Min.         Typ.  Max. 

Am54LS/74LS 
Min.         Typ.  Max. 

Units      Test  Conditions 

«PLH 

Clock  to  Output 

21 

32 

21 

32 

ns 

CL  =  15pF 
R|_  =  2.0kJ2 

*PHL 

26 

38 

26 

38 

»PHL 

Clear  to  Output 

28 

39 

28 

39 

ns 

tpw 

Clock  Pulse  Width 

HIGH 

20 

20 

ns 

LOW 

25 

25 

tpw 

Clear  Pulse  Width 

25 

25 

ns 

Data  Set-up 

20 

20 

ns 

<h 

Data  Hold 

10 

10 

ns 

's 

Set-up,  Clear  Recovery 
(In-Active)  to  Clock 

25 

25 

ns 

fmax(Note1) 

Maximum  Clock  Frequency 

30 

40 

30 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constaints  on  tr,  tf, 
pulse  width  or  duty  cycle. 

Am25LS  ON 
SWITCHING 
OVER  OPERATING 


Parameters 


«PLH 


tPHL 


tPHL 


LY 

CHARACTERISTICS 
RANGE* 

Description 


■  (NoteD 


Clock  to  Output 


Clear  to  Output 


Clock  Pulse  Width 


LOW 


Clear  Pulse  Width 


Data  Set-up 


Data  Hold 


Set-up,  Clear  Recovery 
(In-Active)  to  Clock 


Maximum  Clock  Frequency 


Am25LS  COM'L 


Ta  =  0  C  to  +70  C 
Vcc  =  5  0V  ±5% 
Min.  Max. 


30 


25 


20 


25 


25 


50 


Am25LS  MIL 


TA  =  -55  C  to +125  C 
VCC  =  5  0V  ±10% 
Min.  Max. 


20 


60 


60 


Units 


Test  Conditions 


MHz 


CL  =  50pF 
R(_  ~  2.0kfi 


•AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Note:  Actual  current  flow  direction  shown. 


Metallization  and  Pad  Layout 


20  Vcc 


DIE  SIZE  0.080"  X  0.111' 
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Am25LS/54LS/74LS273B 


ORDERING  INFORMATION 

Package 
Type 

Temperature 
Range 

Am25LS273B 
Order  Number 

Am54LS/ 
74LS273B 
Order  Number 

Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 

0°C  to  +70°C 
0°C  to+70°C 
0°C  to  +70°C 
-55°C  to  +125°C 
-55°Cto  +125X 
-55°Cto  +125°C 

AM25LS273BPC 

AM25LS273BDC 

AM25LS273BXC 

AM25LS273BDM 

AM25LS273BFM 

AM25LS273BXM 

SN74LS273BN 

SN74LS273BJ 

SN74LS273BX 

SN54LS273BJ 

SN54LS273BW 

SN54LS273BX 

APPLICATION 

r 

CLOCK 

i 

.   OUTPUT 

j      £  CONTROL 

EN  OE 
n_  v_ 

*i 

u 

°2 

8-BIT 

D3 

S  V2 
8  V4 

COMMON 
DATA  BUS 

°4 

DEVICE  1 
DATA 

°5 

is 

D- 

Y, 

CP  CL 

T_ 

DEVICE  1  CLEAR 
DEVICE  1  CLOCK 

ao 

D  | 

o0 

Q1 

°2 

D3 

I  Q3 

D4 

DEVICE  2 
DATA 

D5 

|  °4 
*  °S 

»l 

°6 

— 



CP  CL 

DEVICE  2  CLEAR 
DEVICE  2  CLOCK 

°0 
0| 

Qo 
°r 

°2 

"l 

C  °* 
S  Q3 

°4 

8  Q4 

DEVICE  3 
DATA 

°5 

5  °5 

°6 

ru 

°6 

CP  CL 

DEVICE  3  CLEAR 
DEVICE  3  CLOCK 

Am25LS273  8-bit  registers  are  shown  used  as  device  data 

input  registers  on  a  common  8-bit  data  bus. 
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Am25LS281  •  Am54LS/74LS281 

4-Bit  Parallel  Binary  Accumulator 


DISTINCTIVE  CHARACTERISTICS 


•  Four-bit 


t  binary  accumulator 
Fifteen-function  ALU 
8  arithmetic  functions 
7  logic  functions 
Edge-triggered  register 
Full  shifting  capability 
Logical  shift  up 
Logical  shift  down 
Arithmetic  shift  up 
Arithmetic  shift  down 
Paral  el  load 
Hold 
Expandable 

Ripp  e  expansion  with  Cn,  Cn+4 

Look-ahead  carry  expansion  with  P,  G,  Cn  and  Am2902 
high-speed  look -ahead  carry  generator 
No  dynamic  hazard 

The  Am25LS281  and  Am54LS/74LS281  do  not  have 
the  dynamic  hazard  found  on  the  A  inputs  of  the 
SN54S/74S281. 


Note:  The  Advanced  Micro  Devices:  LS281  products  were  designed 
prior  to  publication  of  data  sheets  by  T.I.  Review  specifications  for 
possible  differences. 


BLOCK  DIAGRAM 


RS,>_ 


INSTRUCTION 
DECODE 


SIO0>- 


cr->- 


Ac-S^ 
<=„>- 


ALU 


INSTRUCTION 
DECODE 


FUNCTIONAL  DESCRIPTION 

The  Am25LS281  •  Am54LS/74LS281  is  a  four-bit  parallel 
binary  accumulator.  As  shown  in  the  block  diagram,  it  con- 
sists of  an  ALU,  a  shift  multiplexer,  an  edge-triggered  B 
register,  and  the  necessary  instruction  decoding  logic. 
The  ALU  performs  15  functions,  8  arithmetic  and  7  logical, 
as  defined  by  Tables  1  and  2.  All  ALU  operations  are  per- 
formed on  the  AQ-A3  inputs  and/or  the  internal  B  register. 
The  7  logical  functions  are  performed  on  an  individual  bit 
basis  between  the  AQ-A3  inputs  and  the  internal  B  register. 
The  result  of  the  ALU  operation  is  available  at  the  FQ-F3 
outputs. 

An  internal  full  look-ahead  carry  scheme  is  used  for  high- 
speed arithmetic  operations  and  provision  is  made  for  further 
look-ahead_by  including  both  carry  propagate  (P)  and  carry 
generate  (G)  outputs.  In  slower  systems,  the  carry  output 
Cn+4  can  be  connected  to  the  next  higher  Cn  to  provide 
ripple  block  arithmetic. 

The  FQ-F3  outputs  are  also  used  as  inputs  to  the  shift  multi- 
plexer which  either  performs  one  of  four  shift  functions  on 
the  data  or  passes  the  data  unaltered.  The  outputs  of  the  shift 
multiplexer  are  loaded  into  the  internal  B  register  on  the  LOW 
to-HIGH  transition  of  the  clock  input  unless  both  register  select 
inputs  (RS0,  RS1)  are  high.  As  shown  in  Table  3,  the  shift 
multiplexer  and  clock  enable  for  the  B  register  are  controlled 
by  the  register  select  (RSg,  RS1)  and  register  control  (RC) 
inputs.  The  shift  multiplexer  is  expanded  by  connecting  the 
SIO3  input/output  to  the  SIOq  of  the  next  most  significant 
device. 

The  arithmetic  shift  functions  allow  the  shifting  of  a  number 
without  effecting  the  sign  bit,  the  most  significant  bit  of  the 
most  significant  device.  When  cascading  devices,  the  RC  input 
of  all  the  devices  except  the  most  significant  device  should  be 
connected  to  ground.  The  RC  input  of  the  most  significant 
device  then  determines  whether  an  arithmetic  shift  or  a  logical 
shift  is  performed  on  the  entire  word. 

The  ALU  section  of  the  device  has  been  redesigned  to  elimi- 
nate the  dynamic  hazard  present  at  the  A  inputs  on  the 
SN54S/74S  (T.I.)  device.  On  the  AMD  device,  any  time  a 
function  is  performed  using  only  the  B  register  as  an  input, 
the  A  input  is  inhibited  at  the  ALU  input. 


CONNECTION  DIAGRAM 
Top  View 

VCC    A0     CP    Sl°0  AS0  ASI   AS2    M      F0     Fl     F2  F3 

nnnnnnnnnnnn 

24     23     22     21      20     19      18      17      16     15      14  13 


LOGIC  SYMBOL 


UUUUUUUULJULJU 


A-j     A2    RS,    RSq    RC    SI03  A3     Cn      G    C„+4    P  GND 

Note:  Pin  1  is  marked  for  orientation. 


3-136 


Am25LS/54LS/74LS281 
Am25LS281 

ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  specified: 


COM' 
MIL 


=  0  C  to  +70  C 

-  -55°C  to  +125°C 


VCC  -  5.0V 


'CC 


=  5.0V 


5% 
109* 


(MIN.  -  4.75V 
(MIN.  =  4.50V 


MAX. 
MAX. 


•  5.25V) 
■  5.50V) 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


Typ. 

Min.    (Note  2)  Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  =  MIN,,  l0H  =  -440mA. 
V|N  =V|Hor  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN.. 
V|N-V|HorV|L 

Iql  =  4.0mA 

0.4 

Volts 

'OL  =  8.0mA 

0.45 

Iql  ■  16mA  (G  only) 

0.55 

VIH 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

v  IL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  n  -18mA 

-1.5 

Volts 

l|L 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

A0  A3,  RSq,  RS1,  RC.  SlOrj 

-0.36 

mA 

CP.SI03 

-0.72 

AS0-AS2,  M,  Cn 

-0.24 

1 1 H 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

A0-A3,  RSq,  RS1,  RC,  SlOo, 
AS0-AS2,  M,  Cn 

20 

iuA 

CP.SI03 

40 

'1 

Input  HIGH  Current 

VCC  =  MAX., 

V|N  =  S.5V 

Clock,  SIO0,  SIO3 

1.0 

mA 

V|N  "  7.0V 

Others 

1.0 

'sc 

Output  Short  Circuit  Current 
(Note  31 

VCC  =  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 
(Note  5) 

Vcc  =  MAX. 

43 

71 

mA 

Notes:  1. 
2. 
3. 
4. 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  Vcc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

Mot  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

These  are  three-state  outputs  internally  connected  to  TTL  inputs.  Input  characteristics  are  measured  with  RSo,  RS1  in  a  state  such  that  the  three- 
state  output  is  OFF. 

Test  Conditions:  ASq,  ASj,  AS2  •  HIGH.  RSq,  RS-|,  RC,  Cn,  M,  CP,  Aq,  Aj,  A2.  A3  -  GND. 


Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Vo  tage  to  Ground  Potential  Continuous 


-0.5  V  to  +7.0  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCC  max. 


DC  Input  Voltage  (Clock,  SIOq,  SIO3) 


-0.5Vto+5.5V 


DC  Input  Voltage  (Others) 


-0.5V  to  +7.0V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 
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COM'L  TA  - 
MIL  TA  = 

DC 


Parameters 


Am25LS/54LS/74LS281 


Am54LS/74LS281 

ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  specified: 

-O°Cto+70°C  Vcc  -  5.0V  t  5%  (MIN.  =  4.75V     MAX.  -  5.25V) 

-55°C  to  +125°C       Vcc  -  5.0V  i  10%         (MIN.  =  4.50V     MAX.  «  5.50V) 

:  CHARACTERISTICS  OVER  OPERATING  RANGE 


Description 


Test  Conditions  (Note  1) 


Typ. 

Min.    (Note  2)    Max.  Units 


VOH 

c 

)utput  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  -440mA, 
VIN  =  vIHor  VIL 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

< 

5utput  LOW  Voltage 

VCC  =  MIN.. 
V|N=V|HorV|L 

All,  lQL=  4.0mA 

0.4 

Volts 

74LS  only,  Iql  =  8.0mA 

0.5 

All,  l0L=  16mA  (G  only) 

0.55 

V|H 

I 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

I 

nput  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

1 

nput  Clamp  Voltage 

Vcc  =  MIN-  'IN  =  -18mA 

-1.5 

Volts 

1 1 L 

1 

nput  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

A0-A3,  RSo,  RS1 ,  RC,  SlOrj 

-0.36 

mA 

CP,  SIO3 

-0.72 

AS0-AS2,  M,  Cn 

-0.24 

■iH 

nput  HIGH  Current 

VCC  =  MAX.,  VIN  =2.7V 

A0-A3,  RSo,  RS1 ,  RC,  SlOrj, 
ASq- AS2,  M,  Cn 

20 

MA 

CP,  SIO3 

40 

'I 

1 

nput  HIGH  Current 

Vcc  "  MAX. 

V|N  =5.5V 

Clock,  SIO0,  SIO3 

1.0 

mA 

V|N  =  7.0V 

Others 

1.0 

'sc 

c 
( 

)utput  Short  Circuit  Current 
Note  3) 

VCC  =  MAX. 

-100 

mA 

'cc 

F 

( 

ower  Supply  Current 
Note  5) 

vCc  =  MAX- 

43 

71 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5-°V,  25°C,  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  These  are  three-state  outputs  internally  connected  to  TTL  inputs.  Input  characteristics  are  measured  with  RSo,  RSi  in  a  state  such  that  the  three- 
state  output  is  OFF. 

5.  Test  Conditions:  AS0,  AS-| ,  AS2  =  HIGH.  RS0,  RS1,  RS,  Cn,  M,  CP,  A0,  A! ,  A2,  A3  =  GND. 


DEFINITION  OF  FUNCTIONAL  TERMS 

Ao.  Ai,A2,  A3    The  A  data  inputs  to  the  ALU.  P 

The  control  inputs  used  to  determine  the 
arithmetic  or  logic  function  performed  by       RSq,  RS-|,  RC 
the  ALU. 

The  data  outputs  of  the  ALU. 

The  mode  control  input  used  to  select  either 

the  arithmetic  or  logic  operations  of  the  ^IOq 
ALU. 

The  carry-in  input  of  the  ALU.  SIO3 

The  carry-look-ahead  output  of  the  four- 
bit  field.  CP 

The  carry-generate  output  for  use  in  multi- 
level look-ahead  schemes. 
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The  carry-propagate  output  for  use  in  multi- 
level look-ahead  schemes. 

The  control  inputs  used  to  determine  the 
shift  function  performed  by  the  shift  multi- 
plexer and  generate  the  clock  enable  signal 
for  the  B  register. 

The  low  order  serial  input/output  used  to 
expand  the  shift  multiplexer. 

The  high  order  serial  input/output  used  to 
expand  the  shif  t  multiplexer. 

The  clock  input.  The  internal  B  register  is 
loaded  on  the  low-to-high  transition  of  the 
clock  input. 


■ri_n 

l-O/  UH 

1_0/  /tLO^O  1 

Cn  to  Cn+4 

10 

ns 

tPHL 

15 

tpLH 

A0-A3  to  Cn+4 

25 

ns 

tpHL 

23 

tPLH 

Cn  to  F0-F3 

34 

ns 

tpHL 

28 

tPLH 

A0-A3  to  G 

18 

ns 

tPH  L 

17 

tPLH 

A0-A3  to  P 

21 

ns 

tPH  L 

23 

tp|_H 

An  to  Fn 

29 

ns 

'rn  l 

23 

tp[_H 

Aq  to  SIOq 

38 

ns 

tPH  L 

36 

tPLH 

A2,  A3  to  SIO3 

39 

ns 

tPHL 

36 

tPLH 

Fq  to  SIOq 

ns 

tpHL 

tp|_H 

F2,  F3  to  SIO3 

ns 

tPH  L 

tpLH 

RC  to  SIO3 

ns 

tPHL 

tPLH 

ASq-ASj,  M  to  F0-F3 

40 

ns 

tPH  L 

33 

tPLH 

AS0-AS2,  M  to  Cn+4 

41 

ns 

tpHL 

40 

h 

A0-A3  to  CP 

ns 

th 

tS 

Cn  to  CP 

ns 

th 

tS 

AS0-AS2,  M  to  CP 

ns 

th 

tS 

SlOo  to  CP 

ns 

th 

ts 

SIO3  to  CP 

ns 

th 

tS 

RSq,  RS1,  RC  to  CP 

ns 

th 

CP  Pulse  Width 

HIGH 

ns 

lpw 

LOW 

*max 

Note  1 ) 

Clock  Frequency  (Shift  Mode) 

MHz 

CL=  15pF 
RL  -  2.0kn 


Note  1 .  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 
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Am25LS/54LS/74LS281 


SWITCHING  CHARACTERISTICS 


Parameters 

Description 

Am25LS 
Min.         Typ.  Max. 

Am54LS/74LS 
Min.         Typ.  Max. 

Units          Test  Conditions 

'ZH 

RSq.  RS1  to  SIOq 

9 

ns 

CL=  15pF 
RL  =  2.0kn 

»ZL 

8 

'HZ 

29 

ns 

CL  =  5.0pF 
RL  =  2.0kfi 

«LZ 

18 

*ZH 

RSq,  RSi  to  SIO3 

9 

ns 

C|_  -  15pF 
R|_  =  2.0kJ2 

»ZL 

8 

*HZ 

25 

ns 

CL  =5.0pF 
RL-2.0kn 

«LZ 

17 

'PLH 

AS0-AS2,  M  to  P 

32 

ns 

CL  =  15pF 
R  L  =  2.0kSl 

tPHL 

30 

'PLH 

ASo-ASj,  M  to  G 

33 

ns 

'PHL 

32 

«PLH 

CP  to  F0-F3 

ns 

fPHL 

«PLH 

CP  to  Cn+4 

•PHL 

»PLH 

CP  to  P 

ns 

«PHL 

«PLH 

CP  to  G 

ns 

*PHL 

«PLH 

CP  to  SIOq 

ns 

tPHL 

<PLH 

CP  to  SIO3 

ns 

'PHL 

FUNCTION  TABLES 


TABLE  1 
ARITHMETIC  FUNCTIONS 
Mode  Control  (M)  =  Low 


ALU 
SELECTION 
AS2    ASl  ASrj 


ACTIVE-HIGH  DATA 


Cn  =  H 
(with  carry) 


F0=  L,  F,  =  F2=  F3=H 

F  =  B  Minus  A 

F  =  A  Minus  B 

F  =  A  Plus  B  Plus  1 

F  =  B  Plus  1 

F  =  BPIus  1 

F  =  A  Plus  1 

F  =  A  Plus  1 


Cn  =  L 
(no  carry) 


Fn  =  H 

F  =  B  Minus  A  Minus  1 

F  =  A  Minus  B  Minus  1 

F  =  A  Plus  B 

Fn  *=  Bn 

Fn  =  Bn 

Fn  =  An 

Fn  -An 


TABLE  2 
LOGIC  FUNCTIONS 
Mode  Control  (M)  =  High 
Carry  Input  (Cn)  =  X  (Irrelevant) 


ALU 
SELECTION 


AS2    ASi  ASrj 


L 

L 

L 

Fn  = 

L 

X 

H 

Fn  = 

L 

H 

L 

Fn- 

H 

L 

L 

Fn  = 

H 

L 

H 

Fn  = 

H 

H 

L 

Fn  = 

H 

H 

H 

Fn- 

ACTIVE-HIGH 
DATA  FUNCTION 


TABLE  3 
SHIFT  MODE  FUNCTIONS 


REG.  SEL. 

B  REGISTER  AFTER 

SERIAL 

INPUTS 

OPERATION 

L 

-»  H  CLOCK  TRANSITION 

INPUTS/OUTPUTS 

RS-i 

RS0 

RC 

O.B0 

Qbi 

QB2 

£>B3 

SIQg 

SIO3 

L 

L 

X 

Load  B  Reg.  (F  -t  B) 

'0 

U 

fa 

'3 

Z 

z 

L 

H 

L 

Shift  Up  (2F  -»  B) 

SIO0 

fo 

'i 

'2 

z 

F3 

L 

H 

H 

Arith.  Shift  Up 

SIO0 

<o 

'1 

B3 

z 

F2 

H 

L 

L 

Shift  Down.(F/2-»  B) 

»1 

'2 

*3 

SIO3 

F0 

Z 

H 

L 

H 

Arith.  Shift  Down 

M 

'2 

SIO3 

B3 

F0 

Z 

H 

H 

X 

Hold 

BO 

B, 

B2 

B3 

Z 

Z 

QBn  =  Output  of  the  B  register  (internal). 

f  n  =  Quiescent  state  of  Fn  output  prior  to  L  -»  H  CP  transition. 
Bn  -  Quiescent  state  of  QBn  output  prior  to  L  -*  H  CP  transition. 
Z  =  High  impedance  state  (output  OFF). 


3-140 


I/54LS/74LS281 


Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 

Am25LS  COM'L 

Am25LS  MIL 

Units       Test  Conditions 

OVER 

Paramet 

OPERATING  RANGE* 

srs  Description 

Ta  =  n°c  tn  +7n°r 
VCC  =  5.0V  ±  5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
VcC  =  5.0V±10% 

Min.  Max. 

tPLH 

Cn  to  Cn+4 

ns 

C|_  =  50pF 
RL  =  2.0kt2 

tPHL 

'PLH 

A0-A3  to  Cn+4 

ns 

tPHL 

•PLH 

Cn  to  F0-F3 

ns 

tPHL 

'PLH 

A0-A3  to  G 

ns 

*phl| 

tPLH 

A0-A3  to  P 

ns 

tPHL 

tPLH 

An  to  Fn 

ns 

tPHL 

'PLH 

An,  to  SlOn 

ns 

tPHL 

tPLH 

A2,  A3  to  SIO3 

ns 

tPHL 

'PLH 

Fq  to  SlOo 

ns 

tpH  L 

tPLH 

F2,  F3  to  SIO3 

ns 

tPHL 



'PLH 

RC  to  SIO3 

ns 

tPHL 

'PLH 

AS0-AS2,  M  to  F0-F3 

ns 

tPHL 

'PLH 

AS0-AS2,  M  to  Cn+4 

ns 

tPHL 

«s 

A0-A3  to  CP 

ns 

th 





h 

Cn  to  CP 

ns 

th 

«s 

AS0-AS2.  M  to  CP 

ns 

th 

ts 

SlOn  to  CP 

ns 

th 

ts 

SIO3  to  CP 

ns 

th 

«s 

RSrj.  RS1 ,  RC  to  CP 

ns 

'h 

tpw 

CP  Pulse  Width 

HIGH 

ns 

LOW 

'Max. 

Clock  Frequency  (Shift  Mode) 

MHz 

performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


3-141 


Am25LS  0I\ 
SWITCHING 
OVER  OPEF 

Parameters 

LY 

CHARACTERISTICS 
IATING  RANGE* 

Description 

Am25LS/54LS/74LS281 

Am25LS  COM'L 

Am25LS  MIL 

Units             Test  Conditions 

TA  =  0°C  to  +70°  C 
Vcc  =  5.0  V  +5% 
Min.  Max. 

TA  =  -550Cto+125°C 
VCC  =  5.0V  ±10% 
Min.  Max. 

«ZH 

RSo,  RSj  to  SlOo 

ns 

CL  =  15pF 
RL  =  2.0kft 

«ZL 

<HZ 

ns 

CL  =  5.0pF 
RL  =  2.0kfi 

»LZ 

«ZH 

RSo.  RSj  to  SIO3 

ns 

Cl=  15pF 
RL  =  2.0k« 

«ZL 

«HZ 

ns 

CL  =  5.0pF 
R|_  =  2.0kJ"i 

'LZ 

tPLH 

AS0-AS2,  M  to  P 

ns 

CL  =  50pF 
RL  =  2.0ka 

lPHL 

tPLH 

AS0-AS2,  M  to  G 

ns 

*PHL 

*PLH 

CP  to  F0-F3 

ns 

«PHL 

*PLH 

CP  to  Cn+4 

tPHL 

«PLH 

CP  to  P 

ns 

*PH  L 

tPLH 

CP  toG 

ns 

'PHL 

tPLH 

CP  to  SlOo 

ns 

«PHL 

«PLH 

CP  toSI03 

ns 

•PHL 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


TABLE  4.    G,  P  AND  CARRY  FUNCTIONS  FOR  OUTPUTS 


INPUTS 


DEFINITION 
OF  TERMS 


OUTPUTS 


M      AS2     AS-]  AS0 


Cn+4 


N.A. 
An  +Bn 
An  +Bn 
An  +  Bn 

Bn 

Bn 

An 

An 


N.A. 
An  Bn 
An  *  B 
An  ■  Bn 

N.A. 

N.A. 

N.A. 

N.A. 


°3°2°lPQ 
P3°2PlP0 
P3P2P1P0 
P3P2P1P0 
P3P2P1PO 
P3P2P1P0 
P3P2P1PO 


G3  + 

P3G2 

+  P3P2G1  +  P3P2P1G0 

G3  + 

P3G2 

+  P3P2G1  +P3p2plGo 

G3  +  P3G2  +  P3P2G1  +  P3p2p1G0 
H 
H 
H 
H 


Cn 
G  +  P  ■  Cn 
G  +  P  ■  Cn 
G  +  P  '  Cn 
P'Cn 
P-Cn 
P-Cn 
PCn 


H 
H 
H 
H 
H 
H 
H 
H 

N.A. 


N.A. 
An  +Bn 
An  +Bn 
An  +Bn 

N.A. 

N.A. 

N.A. 

N.A. 


N.A. 
An  •  Bn 
An  '  Bn 
An  "  Bn 
An  •  Bn 
An  ■  Bn 
An  -Bn 
An  '  Bn 


H 


P3P2P1P0 
P3P2P1P0 
P3P2P1P0 

L 

L 

L 

L 


G3 

+  P3G2  +  P3P2G1 

+  P3P2P1  Go 

+  f3G2  +  P3P2Gi 

+  p3P2PlG0 

G3 

+  P3G2  +  P3P2G1 

+  P3P2P1G0 

G3  +  G2  +  Gt 

+  G0 

G3  +  G2  +  Gi 

+  G0 

G3  +  G2  +  Gi  +  G0 
G3  +  G2  +  Gf  +  G0 


G  +  P  •  Cn 
G  +  P  •  Cn 
G  +  P  ■  Cn 
G  +  Cn 

G  +  Cri 
G  +  Cn 
G+Cn 


Not  Applicable. 
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DRIVEN  INPUT 


DRIVEN  INPUT 


DRIVEN  INPUT 


DRIVING  OUTPUT 


DRIVING  OUTPUT 


SIO0 

sio3 


Metallization  and  Pad  Layout 


DIESIZE  0.111"  X  0.121" 
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Am25LS/54LS/74LS281 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am25LS281 
Order 
Number 


Am54LS/ 
74LS281 

Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  Cto  +70  C 
0°Cto  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°Cto+125°C 
-55°Cto+125°C 


AM25LS281  PC 
AM25LS281  DC 
AM25LS281XC 
AM25LS281  DM 
AM25LS281FM 
AM25LS281XM 


SN74LS281N 

SN74LS281J 

SN74LS281X 

SIM54LS281J 

SN54LS281W 

SN54LS281X 


APPLICATION 


SIO0- 
CARRV  IN- 


;s0 1 
SlO0  SI03 
Am25LS281 


O0  SIO3 
Am25LS281 


cn+x 


SIOQ  SIO3 
Am25LS287 


Am2902 


sio0  sio3 

Am25LS281 
G  P 


-sio15 

-  CARRY  OUT 


16-Bit  Binary  ALU/Accumulator  with  Full  Look-Ahead  Carry. 


INPUTS 


TABLE  4.    G,  P  AND  CARRY  FUNCTIONS  FOR  OUTPUTS 


DEFINITION 
OF  TERMS 


OUTPUTS 


M 


AS2     AS!  AS0 


C„+4 


N.A. 
An  +  Bn 
An  +Bn 
An  +  Bn 

Bn 

Bn 

An 

An 


N.A. 
An  •  Bn 
An  •  B 
An  '  Bn 

N.A. 

N.A. 

N.A. 

N.A. 


P3p2p1p0 
P3p2p1p0 
P3P2P1P0 
p3p2p1p0 
P3P2P1P0 
p3p2p1p0 
p3p2p1p0 


G3 

+  P3G2  + 

p3p2Gl 

+  P3P2plG0 

G3 

+  p3G2  + 

P3P2G, 

+  P3P2PlG0 

G3  +  P3G2  +  P3P2Gl  +  p3p2plGrj 
H 
H 
H 
H 


Cn 
G  +  P  Cn 
G  +  P  •  Cn 
G  +  P  ■  Cn 
pCn 
P  Cn 

pcn 

PCn 


N.A. 
An  +  Bn 
An  +Bn 
An  +Bn 

N.A. 

N.A. 

N.A. 

N.A. 


N.A. 
An  '  Bn 
An  '  Bn 
An  '  Bn 
An  "  Bn 
An  -Bn 
An  Bn 
An  '  Bn 


H 


P3P2P1 p0 

P3P2P1P0 
P3P2P1P0 

L 

L 

L 

L 


G3  +  P3G2  +  P3P2G,  +  P3P2Pl  G0 
G3  +  P3G2  +  PsPzGt  +  P3P^PTG0 
G3  +  P3G2  +  P3P2G!  +  P3P2PlG0 
G3  +  G2+G,  +G0 
G3  +  G2  +  G1  +  Gq 
G3  +  G2  +  G1  +  G0 
G3  +  G2  +  G-|  +  G0 


Cn 
G  +  P  ■  C, 
G  +  P  ■  C, 
G  +  P  •  Cn 
G  +  Cn 
G+Cn 
G  +  Cn 
G  +  Cn 


n 


N.A.  =  Not  Applicable. 
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Am25LS299  •  Am54LS/74LS299 


8-Bit  Universal  Shift /Storage  Register 


DISTINCTIVE  CHARACTERISTICS 

•  Four  operational  modes:  shift  left,  shift  right,  parallel  load, 
hold 

•  Common  input/output  pins 

•  Three-state  outputs 

•  Buffered  asynchronous  master  clear 

•  Separate  shift  right  serial  input  and  shift  left  serial  input 
for  easy  cascadability 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

-  Higher  speed 

-  50mV  lower  Vol  at  'OL  =  8mA 

—  Twice  the  fan-out  over  military  range 

—  440uA  source  current  at  HIGH  output 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS299  and  Am54LS/74LS299  are  eight-bit  universal 
shift/storage  registers  with  three-state  outputs.  Four  modes  of 
operation  are  possible:  hold  (store),  shift  left,  shift  right,  and 
load  data. 

Parallel  load  inputs  and  register  outputs  are  multiplexed  to 
reduce  the  total  number  of  package  pins.  Separate  continuous 
outputs  are  also  provided  for  flip-flop  A  and  H.  These  de- 
vices can  be  cascaded  to  N-bit  words  easily. 

A  separate  active  low  asynchronous  clear  input  is  used  to 
reset  the  register.  Whenever  the  clear  input  is  LOW,  all  internal 
flip-flops  are  set  LOW  independent  of  all  other  inputs.  See  the 
Am25LS23  for  the  identical  logic  function  to  the  Am25LS299 
and  Am54LS/74LS299,  but  with  synchronous  clear  capability. 


Note:  The  Advanced  Micro  Devices'  LS299  products  were  designed 
prior  to  publication  of  data  sheets  by  T.I.  Review  specifications  for 
possible  differences. 


LOGIC  DIAGRAM 


SHIFT 
8_  LEFT 
SERIAL 
INPUT 


CONNECTION  DIAGRAM 
Top  View 


VCC    Sl      SL     Q7    DY7  DY5  DY3  DY1    cp  SR 

nnnnnnnnnn 

20      19      18      1?      16     15      14      13      12  11 


1       2       3       4       5       6       7       8       9  10 

uuuuuuuuuu 

S0     Gt     G2    DYfi   DYd  0Y3  DY0    Q0    CLR  GNO 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


1       19  2  3 


1± 


CP    CLR  S0     S,  G1  G2 


DYg  DY,  DY2  DY-j  DY4  DYg  0Yg  0Y? 


7      13      6      14      5      15      4  1G 


GND  =  Pin  10 
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Am25LS/54LS/74LS299 


Am25LS299 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

□°CtO+70°C  VCC-5.0V±5%         MIN.  =  4.75  V  MAX.  =  5.25  V 

-55°C  to  +125°  C        VCC  =  5.0V±10%       MIN.  -4.50  V  MAX.  =  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


COM'L 
MIL 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  ■  MIN. 
V|N  "  V|H  or 
V|L 

Q0.Q7 

'oh  - 

MIL 

2  5 

Volts 

COM'L 

2.7 

DY0-DY7 

MIL,  l0H  = -1.0mA 

2.4 

COM'L,  l0H  =  -2.6mA 

2.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  Vm  or  V|L 

'OL  =  4.0mA 

0.25 

0.4 

Volts 

Iql  *  8.0mA 

0.35 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0  7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  -  MIN.,  I|N  -  -18mA 

-1.5 

Volts 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4  V 

So.  Si 

—0.8 

mA 

All  Others 

-0.4 

•  IH 

Input  HIGH  Current 
(Except  DYj) 

VCC  !"  MAX.,  VIN  =  2.7V 

S0.S1 

40 

MA 

All  Others 

20 

"l 

Input  HIGH  Current 
(Except  DYj) 

VCC  =  MAX., 

V|N  =7.0V 

so.  Si 

0.2 

ma 

Gl,  G2,  CLR,  CP 

0.1 

V|N  =5.5V 

All  Others 

0.1 

'oz 

Off -State  (High-Impedance) 
Output  Current  at  DY, 

VCC  "  MAX. 

V0  =  0.4  V 

-100 

fiA 

V0  =  2.4  V 

40 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

Vcc  "  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  -  MAX. 

38 

60 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device 

2.  Typical  limits  are  at  \ZqC  =  5-°  v<  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
4-  !CC  measured  with  clock  input  HIGH  and  output  controls  HIGH. 


Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


type. 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5  V  to  +7.0  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCC  max. 


DC  Input  Voltage  (Gi,  G2,  CLR,  CP,  Sp,  Si) 


-0.5V  to  +7.0V 


DC  Input  Voltage  (Others) 


-0.5V  to  +5.5V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 
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COM 
MIL 


Vcc  -  5.0  V  ±5% 
Vcc  -  5.0  V  ±10% 


MIN.  -  4.75  V 
MIN.  -  4.50  V 


MAX.  ■ 
MAX.  i 


5.25  V 
5.50  V 


TA  =  0  C  to  +70  C 
TA  -  -55°  C  to  +125°C 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


H 

Output  HIGH  Voltage 

VCC  =  MIN. 
V|N  Vmor 

V|L 

Qo,  Q7 

'OH  * 
-400^ A 

MIL 

2.5 

Volts 

COM'L 

2.7 

DY0-DY7 

MIL,  lOH  = -1.0mA 

2.4 

COM'L,  l0H  =  -2.6mA 

2.4 

vo 

L 

Output  LOW  Voltage 

Vcc  =  Ml  N. 

V|N  =  V|H  O'  V|L 

'OL  =  4.0mA 

0.25 

0.4 

Iql  =  8.0mA 
74LS  only 

0.35 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V,L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =0.4V 

S0.S1 

-0.8 

mA 

All  Others 

—0.4 

Mh 

Input  HIGH  Current 
(Except  DYj) 

VCC  =  MAX.,  V|N  =  2.7  V 

S0.S1 

40 

«A 

All  Others 

20 

'i 

Input  HIGH  Current 
(Except  DYj) 

VCC  =  MAX.,  V,N  =  5.5  V 

So.  Si 

0.2 

mA 

All  Others 

0.1 

ioz 

Off-State  (High-Impedance) 
Output  Current  at  DY, 

VCC  =  MAX. 

V0  =0.4V 

—  1 00 

HA 

V0  -  2.4  V 

40 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-100 

mA 

!CC 

Power  Supply  Current 
(Note  4) 

VCC  =  MAX. 

35 

60 

mA 

Notes:  1 

2. 
3, 
4 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  Vq^  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
'CC  measured  with  clock  input  HIGH  and  output  controls  HIGH. 


DEFINITION  OF  FUNCTIONAL  TERMS 


Sr 

Sl 
Clear 


Clod 


So.  Si 
G1.G2 

Q0.Q7 
DY0-DY7 


Shift  right  data  input  to  Qq 

Shift  left  data  input  to  Q7 

Active  LOW  synchronous  input  forcing  the  Qg 

through  Q7  register  to  see  LOW  conditions, 

visable  only  if  outputs  are  enabled 

A  LOW-to-HIGH  transition  will  result  in  the 

register  changing  state  to  next  state  as  described 

by  mode  and  input  data  condition 

Mode  selection  control  lines  used  to  control 

input  (output  during  load)  conditions 

Active  LOW  input  to  control  three-state  output 

in  active  LOW  AND  configuration 

The  only  two  direct  outputs;  used  to  cascade 

shift  operations 

Input/Output  line  dependent  on  mode  and  out- 
put control.  Input  only  with  mode  select 
LOAD.  Output  in  all  other  modes  but  subject 
to  output  select  (Gi ,  G2). 


Metallization  and  Pad  Layout 


ur0 
°0 


vcc 

19 

s1 

18 

K 

17 

°7 

16 

DY; 

15 

DY6 

14 

Ml 

U' 

DY, 

12 

CP 

11 

DIE  SIZE  0.096"  X  0.112" 
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Am25LS/54LS/74LS299 


SWITCHIN 

(TA  =  +25°  C 
'arameters 

G  CHARACTERISTICS 

,  VCC  =  5.0V) 

Description 

Am25LS 

Am54LS/74LS 

Units          Test  Conditions 

Min.       Typ.  Max. 

Min.       Typ.  Max. 

tPLH 

;lock  to  Qj 

18 

26 

30 

CL  =  15pF 
RL  =  2.0kfi 

'PHL 

22 

28 

34 

tPLH 

;iock  to  DY; 

18 

26 

30 

ns 

tPHL 

22 

28 

34 

lPHL 

Clear  to  DY0  -  DY7 

25 

35 

35 

ns 

'PHL 

Clear  to  Qq  or  Q7 

25 

35 

35 

ns 

tpw 

Pulse  Width  (Clock) 

15 

20 

ns 

<s 

Si ,  Sq  Set-up  Time 

12 

15 

ns 

*s 

3Y,  or  Sr,  S|_  Data 
Set-up  Time 

1 2 

1 5 

'h 

Hold  Time 

3.0 

3.0 

ns 

<2H 

S-|,  Sq,  G-i,  G2  to  DYj 

20 

30 

40 

ns 

tZL 

20 

30 

40 

«LZ 

51,  So,  G1,  G2  to  DYi 

2-2 

33 

40 

ns 

C|_  =  5.0pF 
RL  =  2.0kf2 

1HZ 

15 

23 

30 

fmax 

Maximum  Clock  Frequency  (Note  1) 

30 

45 

25 

MHz 

Note  1 .  Per  in 
pulse 


justry  convention,  f rnax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
/vidth  or  duty  cycle. 


Am25LS  C 
SWITCHIN 
OVER  OPf 

Parameters 

IMLY 

G  CHARACTERISTICS 
ERATIIMG  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units          Test  Conditions 

Ta  =  0°C  to  +70°  C 
VCC  =  5.0V  +  5% 
Min.  Max. 

TA  =  -55°C  to+125°C 
Vcc  =  5.0V  ±  10% 

Min.  Max. 

tPLH 

Clock  to  Q; 

38 

44 

ns 

CL  =  50pF 
RL  =  2.0kU 

tPHL 

41 

47 

'PLH 

Clock  to  DYj 

38 

44 

ns 

tPHL 

41 

47 

«PHL 

Clear  to  DYq  -  DY7 

50 

57 

ns 

'PHL 

Clear  to  Qg  -  Q7 

50 

57 

ns 

tpw 

Pulse  Width  (Clock) 

24 

27 

ns 

's 

S-| ,  So  Set-up  Time 

20 

23 

ns 

h 

DYj  or  Sr,  S[_  Data 
Set-up  Time 

20 

23 

ns 

'h 

Hold  Time 

8 

9 

ns 

tZH 

St,  So,  G1,  G2  to  DY, 

43 

50 

ns 

>ZL 

43 

50 

t|_Z 

Si,  S0,  G-| ,  G2  to  DYj 

43 

50 

ns 

CL  =  5.0pF 
RL  =  2.0kS2 

tHZ 

34 

39 

fmax 

Maximum  Clock  Frequency  (Note  1) 

23 

20 

MH  ■ 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Am2 





TRUTH  TABLE 


FUNCTION 


INPUTS 


Sr 


CLOCK 


s0  St 


G1  G2 


OUTPUTS 


INPUTS/OUTPUTS 


DYq    dy,    dy2    dy3    dy4    dy5    dy6  dy7 


Cle 


(Note  1 ) 


Output 
Control 


X  X 
X  X 
X  X 


H  L 
L  H 
H  H 


NC 
NIC 
NC 


NC 
NC 
NC 


z  z  z 
z  z  z 
z      z  z 


z 
z 
z 


z  z  z 
z  z  z 
z      z  z 


Hold 

Load  (Note  2) 
Shift  Right 
Shift  Right 
Shift  Left 
Shift  Left 


NC  NC 
A  H 

L  DY6 

H  DYq 
DY,  L 
DY,  H 


NC       NC  NC  NC  NC  NC  NC 

A-B  C  D  E  F  G 
L 
H 

DY,      DY2  DY3  DY4  DY5  DYg  DY7 

DY,      DY2  DY3  DY4  DY5  DYg  DY7 


DY0  DY!  DY2  DY3  DY4  DY5 
DY0     DY,      DY2      DY3     DY4  DY5 


NC 

H 
DYg 
DYg 

L 

H 


L  =  LOW 
H  -  HIGH 


Z  =  High  Impedance 
X  =  Don't  Care 


t  -  Transition  LOW  to  HIGH 
NC  =  No  Change 


Notes:  1.   Either  LOW  to  observe  outputs. 
2.   In  this  mode  DYj  are  inputs. 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DY;  ONLY 


OTHER  PINS 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25LS/54LS/74LS299 


ORDERING  INFORMATION 


Am54LS/ 

Am25LS299  74LS299 
Package  Temperature  Order  Order 

Type  Range  Number  Number 


Molded  DIP  0°Cto+75°C  AM25LS299PC  SN74LS299N 

Hermetic  DIP  0°C  to +75°C  AM25LS299DC  SN74LS299J 

Dice  0°Cto+75°C  AM25LS299XC  SN74LS299X 

Hermetic  DIP  -55°C  to  +1 25°C  AM25LS299DM  SN54LS299J 

Hermetic  Flat  Pak  -55°C  to  +1 25°C  AM25LS299FM  SN54LS299W 

Dice  -55°Cto +125°C  AM25LS299XM  SN54LS299X 


APPLICATION 


INPUT/OUTPUT  DATA 


SERIAL 
OUTPUT  - 
LEFT 


CLEAR  - 
CLOCK  - 


DY„  BY, 

DY2     DYj      DY4     DY5     0Y6  DY, 

Sr 

CLEAR 

CLK 

Am54LS/74LS299 

=0 

Gl 

S, 

G2 

°0 

Q7 

a 


OY0    DY,     DY2     DY3     DY4     DY5    DYg  DY? 

sR  sL 

-Ol  CLEAR  CLK 


Am54LS/74LS299 


SHIFT 
-LEFT 
INPUT 


SERIAL 
-  OUTPUT 
RIGHT 


16-Bit  Cascaded  Parallel  Load/Unload  Shift  Right/Left  Register. 
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Am25LS322  •  Am54LS/74LS322 

8-Bit  Serial/Parallel  Register  with  Sign  Extend 


The  'LS322  is  Texas  Instruments' 
planned  second  source  to  Advanced 
Micro  Devices'  Am25LS22. 

See  Am25LS22  data  sheet  for  full 
information. 


FUNCTIONAL  DESCRIPTION 

The  Am25LS22  is  an  eight-bit  serial/parallel  register  built  using  ad- 
vanced Low-Power  Schottky  processing.  The  device  features  an  eight- 
bit  parallel  multiplexed  input/output  port  to  provide  improved  bit 
density  in  a  20-pin  package.  Data  may  also  be  loaded  into  the  device  in 
a  serial  manner  from  either  input  or  Dg.  A  serial  output,  Qq,  is 
also  provided. 

The  Am25LS22  is  specifically  designed  for  operation  with  the 
Am25LS14  serial/parallel  two's  complement  multiplier  and  provides 
the  sign  expend  function  required  for  this  device. 

When  the  Register  Enable  (RE)  input  is  HIGH,  the  register  will  retain 
its  current  contents.  Synchronous  parallel  loading  is  accomplished  by 
applying  a  LOW  to  RE  and  applying  a  LOW  to  the  Serial/Parallel  (S/P) 
input.  This  places  the  three-state  outputs  in  the  high-impedance  state 
independent  of  OE  and  allows  data  that  is  applied  on  the  input/output 
lines  (DYj)  to  be  clocked  into  the  register.  When  the  S/P  input  is  HIGH, 
the  device  will  shift  right.  The  Sign  Extend  (SE)  input  is  used  to  repeat 
the  sign  in  the  Q7  flip-flop.  This  occurs  whenever  SE  is  LOW  when  the 
SHIFT  mode  is  selected.  When  SE  is  high,  the  serial  two-input  multi- 
plexer is  enabled.  Thus,  either  D/\  or  Dg  can  be  selected  to  load  data 
serially.  The  register  changes  state  on  the  LOW-to-HIGH  transition  of 
the  clock.  A  clear  input  (CLR)  is  used  to  asynchronously  reset  all  flip- 
flops  when  a  LOW  is  applied. 


LOGIC  DIAGRAM 


CLEAR 

CLOCK 

THREE 
STATE 
CONTROL 

or 


DY l  DY0 


CONNECTION  DIAGRAM 
Top  View 


YCC     S      SE     DB    DY6  DY4  DY2  DY0    Qo  CP 

nnnnnnnnnn 


20      19      18     17      16     15      14      13      12  11 


23456789  10 

uuuuuuuuuu 

RE     S/P    DA    OY7  DY5  UY3  DYi    OE    CLR  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


i  I  L 


CLEAR 
CLOCK 


DY,    DYg    DY5     DY4    DY3     OYj    DY,  DY„ 


16        5        15        6  14 


Vcc-=Pin  20 
GND  -  Pin  10 
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Am25LS323  •Am54LS/74LS323 

8-Bit  Shift/Storage  Register  with  Synchronous  Clear 


The  'LS323  is  Texas  Instruments' 
planned  second  source  to  Advanced 
Micro  Devices'  Am25LS23. 

See  Am25LS23  data  sheet  for  full 
information. 


FUNCTIONAL  DESCRIPTION 

The  Am25LS23  is  an  8-bit  universal  shift/storage  register  with 
3-state  outputs.  The  function  is  similar  to  the  Am25LS299 
with  the  exception  of  a  synchronous  clear  function.  Parallel 
load  inputs  and  register  outputs  are  multiplexed  to  allow  the 
use  of  a  20-pin  package.  Separate  continuous  outputs  are  also 
provided  for  flip-flops  Qrj  and  Q7. 

Four  modes  of  operation  are  possible  —  Hold  (store),  Shift- 
left,  Shift-right  and  Load  Data.  The  Am25LS23  has  a  typical 
shift  frequency  of  50MHz.  The  Am25LS23  is  packaged  in  a 
standard  20-pin  package. 


LOGIC  DIAGRAM 


OUTPUT  I  G1  — 
CONTROLS)  G, 


CONNECTION  DIAGRAM 
Top  View 


Vcc    S,     SL     Q,    DV;  DY5  DY-j  DY1    CP  SR 

nnnnnnnnnn 

20      19      18      17      16     15      14      13      12  11 


1       23456789  10 

uuuuuuuuuu 

Sq      G,      Gz    DYg   DY4  DY2  DVQ     QQ     CLR  G  ND 

Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


CLEAR 

«L 

Am25LS23 

CLK 

s0 

8  BIT  SHIFT  REGISTER 

=  1 

Si 

=2 

Qo 

dy0   dy,    dy2    dy3   dy4  dy5 

DY6  0Y7 

°7 

I 

8 

II  I  I  I  I 

7        13       6       14        5  16 

1  1 

4  16 

17 

Vcc-Pin20 
GND  -  Pin  10 


3-152 


Advanced  Micro  Devices  has  no  current 
plans  to  manufacture  this  product. 

See  the  Am25LS2513  for  a  recommended 
alternative  Three-State  Priority  Encoder 
offering  greater  functional  flexibility. 
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Am25LS373  •  Am54LS/74LS373 

Octal  Latches  with  Three-State  Output 


DISTINCTIVE  CHARACTERISTICS 


in  a  single  package 

outputs  interface  directly  with  bus  organized 

on  latch  enable  input  for  improved  noise  margin 
S  devices  offer  the  following  improvements  over 


•  8  latches 

•  Three -state 
systems 

•  Hysteresis 

•  Am25L 
Am  54/74  LS 

—  Higher  speed 

—  Twice  the  fan-out  over  military  range 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS373  and  Am54LS/74l_S373  are  octal  latches 
with  three-state  outputs  for  bus  organized  system  applications. 
The  latches  appear  to  be  transparent  to  the  data  (data  changes 
asynchronously)  when  latch  enable,  G,  is  HIGH.  When  G  is 
LOW,  the  data  that  meets  the  set-up  times  is  latched.  Data 
appears  on  the  bus  when  the  output  enable,  OE,  is  LOW.  When 
OE  is  HIGH  the  bus  output  is  in  the  high-impedance  state. 


Note:  An  inverting  version  of  this  device,  to  be  called  Am54LS/ 
74LS533,  is  also  in  development. 


LOGIC  DIAGRAM 
Am25LS  54LS  74LS373 


LATCH  K,-, 
ENABLE  G   


— 


Yl  Y2  Y3  Y4  Y5  Y6 


Outputs  Yq  through  Y7  are  inverted  on  the  Am25LS/54LS/74LS533. 


CONNECTION  DIAGRAM 
Top  View 


Vcc    V,     D,     D6    Y6     Y5     D5     D4     Y4  G 

nnnnnnnnnn 

20      19     IB      17      16      IS     14      13     12  11 


Am25LS373 
Am54LS/74LS373 


1       23456789  10 

uuuuuuuuuu 

5E     Yq     O0     D,     Yi     y-2     D2     03     Y3  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3      4  7 


13     14     17  18 


MM 


DQ  D, 

D2     D3     D4     D5     06  D7 

11  

G 

Am25LS373 
Am54LS/74LS373 

1  — o 

OE 

Y0  *1 

Y2      Y3     Y4      Y5     Y6  Y? 

12     15     16  19 


Vcc  =  Pin  20 
GND  =  Pin  10 
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Am25LS/54LS/74LS373 
Am25LS373 


ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

TA  -  0°C  to  +70°C  Vcc  =  5.0VtS%         MIN.  -4.75  V  MAX 

TA  -  -55°C  to  +125° C        Vcc  =  5.0Vi10% 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  D 


COWL 
MIL 


5.25  V 

MIN.  =4. 50V      MAX.  =5. 50V 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0h 

i 

Output  HIGH  Voltage 

VCC  -  MIM- 

V|N  =  V|H  °r  V|L 

I  OH  =  — 1  -0mA 

MIL 

2.4 

3.4 

Volts 

I  OH  =  -2.6mA 

COM'L 

2.4 

3.4 

v0 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  "  VIH  or  V|L 

lOL  =  12mA 

0.4 

Volts 

Iql  =  24mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I,N  -  -18mA 

-1.5 

Volts 

Input  LOW  Current 

Vcc  "  MAX.,  V|N=  0.4  V 

-0.4 

mA 

 1  

"IH 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7  V 

20 

„A 

■l 

Input  HIGH  Current 

VCC  -  MAX.,  V|N=  7.0V 

0.1 

mA 

i>v> 

Off-State  (High-Impedance) 
Output  Current 

VCC  =  MAX. 

V0  "  0.4  V 

-20 

MA 

V0  ■  2.4  V 

20 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  =  MAX. 

24 

40 

mA 

Notes:  1 
2 
3 
4 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
Typical  limits  are  at  Vcc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
Inputs  grounded;  outputs  open. 


Am25LS  •  Am54LS/74LS 


Storage 

Temperature 

-65°C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Inp 

jt  Voltage 

-0.5V  to  +7.0  V 

DC  Out 

put  Current,  Into  Outputs 

30  mA 

DC  Inp 

Jt  Current 

-30  mA  to  +5.0  mA 
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Am25LS/54LS/74LS373 


ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  -  0°C  to +70°C  VCC-5.0V±5%         MIN.  -4.75V      MAX.  =  5.25  V 

MIL         TA  -  -55°  C  to  +125° C       VCC  =  5.0V±10%      MIN.  *  4.50V      MAX. -5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 
(Note  2)  Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 

vIN  =  vIH°rV|[_ 

Iqh  "  -1-0  mA 

MIL 

2  4 

1  A 

Volts 

Iqh  "  -2.6mA 

COM'L 

2.4 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

VIN  *  VIH  or  V|L 

All,  Iol  =  12mA 

0.25 

0.4 

Volts 

74LS  only,  Iql  "  24mA 

035 

0.5 

V|H 

Input  HIGH.  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logi 
voltage  for  all  inputs 

cat  LOW 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN..  I|N  =  -18mA 

-1.5 

Volts 

'  I L 

Input  LOW  Current 

Vcc  =  MAX.,  V|N  -  0.4V 

-0.4 

mA 

'1H 

Input  HIGH  Current 

VCC  =  MAX..  V|N  =2.7V 

20 

wA 

'I 

Input  HIGH  Current 

VCC  =  MAX..  ViN  =  7.0V 

0.1 

mA 

'0 

Off-State  (High-Impedance) 
Output  Current 

VCC  "  MAX. 

Vq  -  0.4  V 

-20 

liA 

V0  -  2.4  V 

20 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-100 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  "  MAX. 

24 

40 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VCc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Inputs  grounded;  outputs  open. 


FUNCTION  TABLE 


Inputs 

Internal 

Outputs 

Function 

OE 

G 

Di 

Qj 

Yj 

H 

X 

X 

X 

z 

Hi-Z 

L 

H 

L 

H 

L 

Transparent 

L 

H 

H 

L 

H 

L 

L 

X 

NC 

NC 

Latched 

H  =  HIGH 
L=  LOW 
X  =  Don't  Care 


NC  -  No  Change 
Z  =  High  Impedance 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj        The  latch  data  inputs. 

G  The  latch  enable  input.  Data  is  latched  upon  and  set-up 
and  hold  times  are  referenced  to  the  HIGH-to-LOW 
transition  of  G. 

Yj       The  three-state  latch  outputs. 

OE  The  output  enable  control.  When  OE  is  LOW,  the  out- 
puts Yj  are  enabled.  When  OE  is  HIGH,  the  outputs  Yj 
are  in  the  high  impedance  (off)  state. 
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Am25LS/54LS/74LS373 

SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  = 


Parameters 


■  5.0V) 


Description 


«PLH 


«PHL 


«PLH 


«PHL 


ts(H) 


th(H) 


«ZH 


'ZL 


Enable  to  Output 


Data  Input  to  Output 


HIGH  Data  to  Enable 


LOW  Data  to  Enable 


HIGH  Data  to  Enable 


LOW  Data  to  Enable 


Enable  Pulse  Width 


OEto  Y| 


Min. 


Am25LS 
Typ. 


Max. 


Am54LS/74LS 
Min.         Typ.  Max. 


18 


12 


15 


30 


30 


18 


36 


Units 


Test  Conditions 


Cl  =  45pF 
RL  =  667fi 


«HZ 


«LZ 


OEtoYi 


12 


25 


CL  =  5pF 
RL  =  667fl 


Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE 


Parameters 


Description 


Am25LS  COM'L 


TA  =  0  C  to  +70°  C 
VCC  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55  Cto  +125  C 
Vcc  =  5.0V±10% 
Min.  Max. 


Units 


Test  Conditions 


lPLH 


«PHL 


«PLH 


'PHL 


ts(H) 


ts(D 


th<H> 


th(L) 


{pw 


'ZL 


Enable  to  Output 


Data  Input  to  Output 


HIGH  Data  to  Enable 


LOW  Data  to  Enable 


HIGH  Data  to  Enable 


LOW  Data  to  Enable 


Enable  Pulse  Width 


OE  to  Y, 


CL  =  45pF 
RL  =  66711 


«HZ 


OE  to  Y| 


CL  =  5pF 
RL  =  6670 


*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am25LS374  •  Am54LS/74LS374 

8-Bit  Register  With  Three-State  Outputs 


DISTINCT  VE  CHARACTERISTICS 

•  Eight-bit,  high  speed  parallel  registers 

•  Positive,  edge-triggered,  D-type  flip-flops 

•  Buffered  common  clock  and  buffered  common  three-state 
control 

•  Am25LS  devices  offer  the  following  improvements  over 
Am  54/74  LS 

-  50mV  lower  Vol  at  'OL  =  8mA 

-  Twice  the  fan-out  over  military  range 

-  440/jA  source  current  at  HIGH  output 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS374  and  Am54LS/74LS374  are  eight-bit  registers 
built  using  advanced  Low-Power  Schottky  technology.  These 
registers  consist  of  eight  D-type  flip-flops  with  a  buffered 
common  clock  and  a  buffered  three-state  output  control. 
When  the  output  enable  (OE)  input  is  LOW,  the  eight  outputs 
are  enabled.  When  the  OE  input  is  HIGH,  the  outputs  are  in 
the  three-state  condition. 

Input  data  meeting  the  set-up  and  hold  time  requirements  of 
the  D  inputs  is  transferred  to  the  Y  outputs  on  the  LOW-to- 
HIGH  transition  of  the  clock  input. 

The  device  is  packaged  in  a  space-saving  (0.3-inch  row  spacing) 
20-pin  package. 


Note:  The  Advanced  Micro  Devices:  LS374  products  were  de- 
signed prior  to  publication  of  data  sheets  by  T.I.  Review  specifi- 
cations for  possible  differences. 


Note:  An  inverting  version  of  this  device,  to  be  called  Am54LS/ 
74LS534,  is  also  in  development. 


LOGIC  DIAGRAM 
Am25LS/54LS/74LS374 


OE 
OUTPUT 
ENABLE 


rY  rY 


CP  0 

CP  D 

CP  D 

CP  D 

CP  0 

CP  D 

CP  D 

CP  D 

0 

0 

Q 

0 

5 

5 

a 

a 

CP      D  CP      D  CP      D  CP      D  CP  D 

a  |     I    a  |     |    a  |     |    a  I     |  q 


Outputs  Y0  through  Y7  are  inverted  on  the  Am25LS/54LS/74LS534. 


CONNECTION  DIAGRAM 
Top  View 


VCC    Y7     D7     °S     Y6     V5     °5    °4     Y4  <* 

nnnnnnnnnn 


20     19     18      17      16      15     14      13     12  11 


Am25LS374 
Am54LS/74LS374 


1       23456789  10 

uuuuuuuuuu 

OE     Y„     D„     D,     V,     Y2     D2     D3     V3  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3       4       7       8      13     14  17 


D„     D,     0,     D,     0,     05     D.  D, 


Am25LS374 
Am54LS/74LS374 


Y0     Yl     Y2     Y3     Y4    Y5     Y6  Y7 


TT 


2       5       6       9       12     15     16  19 

Vcc  =  Pin  20 
GND  -  Pin  10 
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TA  =  _55"C  to  +125" C        VCC  =  5.0V±10%       MIN.  =  4.50  V      MAX.  «  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Typ. 


Min. 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 
V|M=V|HorV|L 

lOH  =  -1.0mA,  MIL 

2.4 

Volts 

lOH  "  -2.6mA,  COM'L 

2.4 

3.4 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  VIHorV|L 

'OL  =  4.0mA 

0.4 

Volts 

Iql  -  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  lm  =  -18mA 

-1.5 

Volts 

■  1 1_ 

Input  LOW  Current 

VCC  =  MAX.,  V|N=  0.4V 

-0.36 

mA 

■  iH 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7  V 

20 

(iA 

'I 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'oz 

Off -State  (High-Impedance) 
Output  Current 

VCC  "  MAX. 

Vq  =0.4V 

-20 

MA 

V0  =  2.7V 

20 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

!cc 

Power  Supply  Current 
(Note  4) 

VCC  *  MAX. 

27 

45 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  |  Typical  limits  are  at  Vqq  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  outputs  open;  all  Dj  inputs  and  OE  =  4.5V.  Apply  momentary  ground,  then  4.5V  to  clock  input. 


Am25LS  •  Am54LS/74LS 
MAXIMUM  RATINGS  (Above  w 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5  V  to +7.0  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


DC  Input  Voltage  

DC  Output  Current,  Into  Outputs 


-0.5  V  to  +VCC  max. 


-0.5  V  to  +7.0  V 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 
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Am25LS/54LS/74LS374 


Am54LS/74LS374 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  ■  0°C  to  +70° C              VCC-5.0V±5%        MIN. -4.75  V  MAX.  =  5.25 V 

MIL         TA  =  -55°C  to +125°C       Vcc-5.0Vi10%      MIN.  =  4.50V  MAX.  =  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


Min. 


Typ. 
(Note  2)  Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  =  MIN. 

V|N  =  V|H  or  V|L 

Iqh  =  — 1  -OmA 

MIL 

2-4 

3.4 

Volts 

Iqh  =  -2.6mA 

COM'L 

2.4 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|H  or  V|L 

All,  Iql  =  4.0mA 

0.4 

Volts 

74LS  only,  l0L  =  8.0mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  -  MIN.,  1  im  =  -18mA 

-1.5 

Volts 

IlL 

Input  LOW  Current 

Vcc  =  MAX..  V|N  =0.4V 

-0.4 

mA 

•  IH 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  2.7  V 

20 

K* 

"1 

Input  HIGH  Current 

VCC  =  MAX.,  V!N  -  7.0V 

0.1 

mA 

'OZ 

Off -State  (High-Impedance) 
Output  Current 

VCC  =  MAX. 

V0  =  0.5V 

-20 

fA 

V0  =2.4V 

20 

■sc 

Output  Short  Circuit  Current 

VCC  *  MAX. 

-15 

-100 

mA 

•cc 

Power  Supply  Current 
(Note  4) 

VCC  "  MAX. 

27 

45 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics 

2.  Typical  limits  are  at  Vcc  =  5-°  v-  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed 

4.  All  outputs  open;  all  Dj  inputs  and  OE  =  4.5V.  Apply  momentary  ground,  then  4.5V  to  clock  input. 


for  the  applicable  device  type, 
one  second. 


DEFINITION  OF  FUNCTIONAL  TERMS 


Dj      The  D  flip-flop  data  inputs. 

CP  Clock  Pulse  for  the  register.  Enters  data  on  the  LOW-to- 
HIGH  transition. 

Yj     The  register  three-state  outputs. 

OE  Output  Control.  An  active-LOW  three-state  control  used 
to  enable  the  outputs.  A  HIGH  level  input  forces  the 
outputs  to  the  high  impedance  (off)  state. 


FUNCTION  TABLE 


FUNCTION 

INPUTS 

INTERNAL 

OUTPUTS 

OE 

Clock 

Dj 

Qi 

Yj 

Hi-Z 

H 
H 

L 
H 

X 
X 

NC 
NC 

z 
z 

L 

t 

L 

L 

L 

LOAD 

L 

t 

H 

H 

H 

REGISTER 

H 

t 

L 

L 

Z 

H 

t 

H 

H 

Z 

H  =  HIGH 
L  =  LOW 
X  =  Don't  Care 


NC  =  No  Change 
Z  =  High  Impedance 
t  =  LOW-to-HIGH  transition 
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Am25  LS/54  LS/74LS374 


SWIT< 

(Ta  = 
Parame 

:hing  characteristics 

l-25°C,  VCC  =  5.0V) 

ters  Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units 

Test  Conditions 

tpL> 

Clock  to  Yj 

18 

28 

28 

ns 

CL  -  1  5pF 
F)L  »  2.0kf! 

tpH 

22 

37 

37 

tpw 

Clock  Pulse  Width 

LOW 

25 

25 

HIGH 

20 

20 

ns 

• 

Data 

20 

20 

*h 

Data 

10 

1 

10 

t7LJ 

lzln 

61  to  Y; 

11 

14 

28 

<ZL 

14 

21 

36 

ns 

•HZ 

Ol  to  Yj 

20 

30 

29 

CL  =  5.0pF 
RL  =  2.0kS2 

«LZ 

25 

36 

35 

ns 

fma) 

t 

Maximum  Clock  Frequency  INgte  1 )  J&^J&A 

45 

30 

MHz 

Note  1 . 

Am2B 
SWIT 
OVEF 

Param 

Per  industry  convention,  fpngx  is  the  worstiogi 
width  or  duty  cycle. 

e  value  ©f 

^•maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse 

LS  ONLY 

CHING  CHARACTERISTICS 
t  OPERATING  RANGE* 

iters  Description 

Am25LS  MIL 

i  ,  

TA  =  0°cW70°C 
Vcc  =  5.0V  +5%. 
Min.          Max.  O 

TA  =  -55  Cto+125°C 
o,  V<*JWV±10% 
..  <S^in  Max. 

Units          Test  Conditions 

i 

Clock  to  Yi 

36 

 ^€ 

44 

ns 

CL  -  50pF 
R[_  =  2.0kn 

tPH 

47 



57 

tPW 

Clock  Pulse  Width 

LOW 

30 

35 

ns 

HIGH 

25 

30 

«5 

Data 

15 

20 

ns 

*h 

Data 

12 

15 

ns 

'ZH 

OE  to  Yj 

20 

25 

ns 

*ZL 

30 

39 

«HZ 

51  to  Yj 

35 

40 

ns 

CL=  5.0pF 
RL=  2.0kH 

*LZ 

39 

42 

'ma 

< 

Maximum  Clock  Frequency  (NoteD 

25 

20 

MHz 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am25LS374 
Order 
Number 


Am54LS/ 
74LS374 
Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°  C 
0°C  to  +70°  C 
-55°Cto  +125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


AM25LS374PC 
AM25LS374DC 
AM25LS374XC 
AM25LS374DM 
AM25LS374FM 
AM25LS374XM 


SN74LS374N 

SN74LS374J 

SN74LS374X 

SN54LS374J 

SN54LS374W 

SN54LS374X 
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Am25LS/54LS/74LS374 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


Metallization  and  Pad  Layout 


Be 
y0 


D0 
□l 
Y| 

D2 


ml 


Us 


GND  10 
CP  11 


20  VCC 


07 


'5  V5 
14  D6 


13  D4 
12  Y4 


DIE  SIZE  0.080"  X  0.111" 


APPLICATIONS 


CLOCK  J 
OE  1 

"1 

OE  CP 

*o  °o 

Y,  D, 
Y2  Dj 

V3        |  D3 

Y,          «  D4 
< 

Y5  D5 

Y6  D6 
Y7  D, 

D,  Y, 
°2  Y2 
°3         1  V3 

D4         ?  Y4 
< 

°5  Y5 

°6  Y6 

°7  .  Y7 
OE  CP 

OE  2 
CLOCK  2 

Two  Am25LS374's  can  be  used  as  a  bi-directional  bus  driver/register.  The  above  connection  shows  separate 
clocks  and  three-state  controls. 
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Am25LS377B  •  Am54LS/74LS377B 

8-Bit  Register  With  Register  Enable 


DISTINCTIVE  CHARACTERISTICS 

Eight-bit,  high  speed  parallel  registers 
Positive,  edge-triggered,  D-type  flip-flops 
Buffered  common  clock  and  buffered  common  clock  enable 
Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

50mV  lower  Vol  at  'OL  =  8mA 
—  Twice  the  fan-out  over  military  range 

440mA  source  current  at  HIGH  output 
100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS377B  and  the  Am54LS/74LS377B  are  eight-bit 
registers  bui  It  using  advanced  Low-Power  Schottky  technology. 
These  registers  consist  of  eight  D-type  flip-flops  with  a 
buffered  common  clock  and  a  buffered  common  clock  enable. 

When  the  clock  enable  (E)  input  is  LOW,  new  data  is  entered 
into  the  flip-flop  register  on_the  LOW-to-HIGH  transition  of 
the  clock  input.  When  the(E)input  is  HIGH,  the  register  will 
retain  the  present  data  independent  of  the  clock  inputs. 

The  device  is  packaged  in  a  space-saving  (0.3-inch  row  spacing) 
20-pin  package. 


Note:  The  B  designation  identifies  buffered  output  versions  pro- 
vided to  eliminate  output  commutation. 


LOGIC  DIAGRAM 


— >o 


CONNECTION  DIAGRAM 
Top  View 


Vcc    Q7     D?     D6     Q6     Q5     D5     D4     Q4  CP 

nnnnnnnnnn 


20     19      18      17      16      15     14      13     12  11 

I  

|     1       23456789  10 

UUUUULJUUUU 

E      Q0     D0     D  j     Q,     Q2     D2     D3     Q3  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


D„     D,     D2     D3     D„     D6     06  D? 


°0     Ql     °2     °3    Q4     °5     Q6  Q7 


2      S      6      9      12     15     16  19 


VCC  =  Pin  20 
GND  -  Pin  10 
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Am25  LS/54LS/74  LS377B 


Am25LS377B 
ELECTRICAL 

The  Following 

COM'L  TA 
MIL         TA  - 

DC  CHARAC 
Parameters 


CHARACTERISTICS 

Conditions  Apply  Unless  Otherwise  Specified: 

0°Cto+70°C  VCC  =  5.0V±5%         MIN.  -4.75V      MAX.  =  5.25  V 

-55°C  to +125°C       Vcc  -  5.0V  ±10%      MIN.  -4.50  V     MAX.  -5.50  V 

ISTICS  OVER  OPERATING  RANGE 

Description  Test  Conditions  (Note  1 ) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  I0H  =  -440uA 
VIN  =  V|H.orV|L 

MIL 

2.5 

Volts 

COM'L 

2.7 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

VIN  =  VIH  °r  V|L 

lOL  =  4.0mA 

0.4 

Volts 

Iql  =  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I,N  =  -18mA 

-1.5 

Volts 

1 1 1_ 

Input  LOW  Current 

VCC  =  MAX.,  V,N  -  0.4  V 

-0.36 

mA 

l|H 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  2.7  V 

20 

MA 

ll 

Input  HIGH  Current 

VCC  "  MAX„  V|N  =  7.0V 

0.1 

mA 

■sc 

Output  Short  Circuit  Current 
(Note  3) 

Vcc  =  MAX- 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  =  MAX. 

17 

28 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VqO  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  outputs  open,  E  =  GND,  all  Di  inputs  =  4.5V.  Apply  momentary  ground,  then  4.5V  to  clock  input. 


Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


Supply  Voltage  to  Ground  Potential  Continuous 


-55  C  to +125  C 
-0.5  V  to  +7.0  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 
DC  Input  Vo  tage 


-0.5  V  to  +VCC  max. 


-0.5  V  to  +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 
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Am25LS/54LS/74LS377B 

Am54LS/74LS377B 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70°  C  Vcc  =  S.0Vi5%         MIN.  =  4.75  V      MAX.  =  5.-25  V 

TA  =  — 55°C  to +125°C        VCC-5.0V+10%       MIN.  =  4.50  V      MAX.  =  5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  I0H  =  -400uA 
V|N  =  V|HorV|L 

MIL 

2.5 

Volts 

COM'L 

2.7 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 
V|N=V|HorV|L 

All,  Iql  "  4mA 

0.4 

Volts 

74LS  only,  Iql  -  8mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN..  I|N  =  -18mA 

-1.5 

Volts 

<IL 

Input  LOW  Current 

VCC  =  MAX.,  V|M  =  0.4  V 

-0.4 

mA 

>IH 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  2.7V 

20 

MA 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  -  7.0V 

0.1 

mA 

!SC 

Output  Short  Circuit  Current 
(Note  3) 

Vrr  =  MAX. 

-15 

'CC 

Power  Supply  Current  iuiav 
(Note  4)  Vcc-MAX. 

17 

28 

mA 

Notes:  1. 
2. 
3. 
4. 


For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  tvpe. 
Tvpical  limits  are  at  Vqq  ~  5.0  V,  25  C  ambient  and  maximum  loading. 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
All  outputs  open,  E  =  GND,  all  Di  inputs  =  4.5V.  Apply  momentary  ground,  then  4.5V  to  clock  input. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 
Qi 

E 

Dj 

CP 

H 

X 

X 

NC 

L 

X 

H 

NC 

L 

X 

L 

NC 

L 

L 

t 

L 

L 

H 

f 

H 

H  =  HIGH 
L  =  LOW 

t  =  LOW-to-HIGH  Transition 


NC  =  No  Change 
X  =  Don't  Care 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj      The  D  flip-flop  data  inputs. 

E  Enable.  When  the  enable  is  LOW,  data  on  the  Dj  inputs 
is  transferred  to  the  Q|  outputs  on  the  LOW-to-HIGH 
clock  transition.  When  the  enable  is  HIGH,  the  Qj  out- 
puts do  not  change  regardless  of  the  data  or  clock  input 
transitions. 

CP     Clock  Pulse  for  the  register.  Enters  data  on  the  LOW-to- 
HIGH  transition. 
Qj      The  TRUE  register  outputs. 
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dvvi  i  on iixi 

(TA  =  +25°C, 

VCC  =  5.0V) 

Am25LS 

Am54LS/74LS 

Parameters 

Description 

Min. 

Typ. 

Max 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

«PLH 

Clock  to  Output 

18 

27 

18 

27 

ns 

tPHL 

23 

35 

23 

35 

lPW 

HIGH 

20 

20 

ns 

^iock  ruise  vviatn 

LOW 

25 

25 

Data 

20 

20 

ns 

Cj_  ~  15pF 
R|_  =  2.0kfi 

«h 

Data 

10 

10 

ns 

Clock  Enable 

Active  State 

25 

25 

ns 

Inactive  State 

20 

20 

«h 

Clock  Enable 

5 

5 

ns 

fmax 

Maximum  Clock  Frequency  (Note  1) 

30 

40 

30 

40 

ns 

Note  1 .  Per  industry  convention,  fmax 's  tne  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width 


or  dut 


y  cycle. 


Am25LS  C 
SWITCH  IN 
OVER  OPI 

Parameters 

NLY 

G  CHARACTERISTICS 
iRATING  RANGE* 

Description 

Am25LS  COM'L 

Am25LS  MIL 

Units         Test  Conditions 

TA  =  0°C  to  +70° C 
VCC  =  5.0V  ±5% 

Min.  Max. 

TA  =  -55°Cto+125°C 
VCC  =  5.0V  ±10% 

Min.  Max. 

«PLH 

Clock  to  Output 

32 

37 

ns 

C|_  =  50pF 
RL  =  2.0kll 

«PHL 

45 

54 

«PW 

Clock  Pulse  Width 

HIGH 

25 

25 

ns 

LOW 

25 

30 

«s 

Data 

20 

20 

ns 

«h 

Data 

12 

15 

ns 

«s 

Clock  Enable 

Active 

27 

30 

ns 

Inactive 

22 

25 

Clock  Enable 

5 

5 

ns 

'max 

Maximum  Clock  Frequency  (Note  1} 

25 

20 

MHz 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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APPLICATION 


CLEAR  - 
OUTPUT  ENABLE  - 


DO 

OE  CLR 

°1 

Vl 

"2 

| 

fl 

°3 

0< 

1 

«i 

°5 

< 

*« 

CP  E 

*7 

Selective  Register  Loading  of  Data  on  Synchronous  Clock. 
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Am25LS378 •  Am25LS379 
Am54LS/74LS378 •  Am54LS/74LS379 


Hex/Quad  Register  With  Register  Enable 


DISTINCTIVE  CHARACTERISTICS 

•  Four-bit  and  six-bit  high-speed  parallel  registers 

•  Common  clock  and  common  register  enable 

•  Positive  edge-triggered  D  flip-flops 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol  at  'OL  =  8mA 

—  Twice  the  fan-out  over  military  range 

—  440^iA  source  current  at  HIGH  output 


100%  product  assurance  screening  to  Ml  L-STD-883 


FUNCTIONAL  DESCRIPTION 

These  four-bit  and  six-bit  registers  are  built  using  advanced 
Low-Power  Schottky  processing.  Each  register  features  a 
buffered  common  clock  as  well  as  a  buffered  common  register 
enable.  These  devices  are  second  source  versions  of  the  popular 
Am25LS07  and  Am25LS08. 

Both  registers  will  find  application  in  digital  systems  where 
the  information  is  associated  with  a  logic  gating  signal.  They 
are  ideally  suited  for  a  microprogrammed  machine  where  a 
microprogram  control  bit  provides  the  register  enable  signal. 
When  the  register  enable  is  LOW,  data  on  the  D  inputs  is 
stored  in  the  register  on  the  LOW-to-HIGH  transition  of  the 
clock.  When  the  enable  input  is  HIGH,  the  register  will  not 
change  state  regardless  of  the  clock  or  data  input  transitions. 


Am25LS379  •  Am54LS/74LS379 


°o  Qo 


Q,  Q, 


°2  °2 


Q3  Q3 
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LOGIC  SYMBOLS 

CONNECTION  DIAGRAMS 
Top  Views 

LS378 

LS379 

LS378 

LS379 

1      3      4      6      II     13  14 

nihil 

14           5           12  13 

oil! 

"CC    °5     D5     0,     °4     »3     Q3  <* 

.nnnnnnnn 

VCC    Q3     °3     D3     °2    °2     Q2  cp 

nnnnnnnn 

9  

E     Do    Di    D;    D3    D4  D& 

1          D0          D,           D2  D3 

1     16      15     14      13      12      11      10  9 

I    16      15      14      13      12      11      10  9 

CP 

QO    0|    02    O3    O4  Q5 

9   

CP 

Qq         0,         Q2  Q3 

\m 

1     1       2       3       4       5       6       7  3 

\m 

1     1       2       3       4       5       6       7  8 

1  1    I    1    1  1 

2  5      J      10     12  15 

T  1  T  1  T  IT  1 

3     2     S     7     11    10  14  15 

uuuuuuuu 

E~     Qq    Dq    D,     Q,    Q2    Q2  GND 

UUUUUUUU 

E      Qq    0q~     Dq     D-[     Q~,     Q,  GND 

VCC  =  Pin  16 
GND  =  Pin  8 

Note:  Pin  1  is  marked  for  orientation. 

Am25LS378  •  Am25LS379 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70°  C  VCC  =  5.0V±5%        (MIN.  =  4.75V  MAX.  =  5.25  V) 

MIL  TA  =  -55°C  to +125°C        VCC  =  5.0V±10%     {Ml  N.  =  4.50  V  MAX.  =  5.50V) 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE  Typ. 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =-*40>A 

MIL 

2.5 

3.4 

Volts 

V|N  =  VIH  or  V|L 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

lOL  =  4.0mA 

0.4 

Volts 

V|N  *  VIH  °<  VIL 

Iql  =  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

Input  LOW  Current 

Vcc  =  MAX.,  V|N  -  0.4  V 

Clock,  E 

-0.36 

mA 

'IL 

Others 

-0.24 

hH 

Input  HIGH  Current 

VCC  =  MAX.,  VIN  =  2.7  V 

Clock 

20 

eA 

Others 

14 

ll 

Input  HIGH  Current 

VCC  •>  MAX.,  V|N  -  7.0V 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  31 

VCC  -  MAX. 

-15 

-85 

mA 

•cc 

Power  Supply  Current 

VCC  =  MAX. 

LS378 

16 

22 

mA 

(Note  4) 

LS379 

11 

18 

Notes:  1 .   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Outputs  open;  enable  grounded;  data  inputs  at  4.5V,  measured  after  a  momentary  ground,  then  4.5V  applied  to  the  clock  input. 


Am25LS  •  Am54LS/74LS 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°  C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°C  to  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to +7.0  V 

DC  Output  Current.  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  m A 
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Am54LS/74LS378  •  Am54LS/74LS379 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70°  C  VCC  =  5.0V±5%       (MIN.  =  4.75  V  MAX.  =  5.25  V) 

TA  -  _55°C  to  +125°  C       Vcc  =  5.0Vt10%     (MIN. -4.50  V  MAX.  =  5.50  V) 


MIL 

DC  CHARA 
Parameters 


OVER  OPERATING  RANGE 

Description  Test  Conditions  (Note  1  > 


Typ. 

(Note  2) 


Max. 


Units 


VOH 


Output  HIGH  Voltage 


VCC  =  MIN.,  I0H  =  -400uA 
VIN  =  VIH  °r  VIL 


MIL 


2.5 


2.7 


3.4 


Vol 


Output  LOW  Voltage 


VCC  =  MIN. 

V|N  =  V|Hor  V|L 


All,  IQL  =  4.0mA 


0.4 


74LS  only,  lOL  =  8mA 


0.5 


Volts 


V|H 


Input  HIGH  Level 


Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 


2.0 


Input  LOW  Level 


Guaranteed  input  logical  LOW 
voltage  for  all  inputs 


MIL 


0.7 


COM'L 


0.8 


Input  Clamp  Voltage 


VCC  =  MIN.,  I|N  =  -18mA 


-1.5 


Input  LOW  Current 


VCC  =  MAX.,  V|N=  0.4V 


-0.4 


Input  HIGH  Current 


VCC  =  MAX.,  V|N  =  2.7V 


MA 


Input  HIGH  Current 


VCC  =  MAX.,  V|N  =  7.0V 


0.1 


Output  Short  Circuit  Current 
(Note  3) 


VCC  -  MAX. 


•cc 


Power  Supply  Current 
(Note  4) 


VCC  =  MAX. 


LS379 


11 


18 


mA 


Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  The  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  -  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  .one  second. 

4.  Outputs  open;  enable  grounded;  data  inputs  at  4.5V,  measured  after  a  momentary  ground,  then  4.5Vapp!ied  to  a  clock  input. 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj  The  D  flip-flop  data  inputs. 

E   Enable.  When  the  enable  is  LOW,  data  on  the  Dj  inputs  is 
transferred  to  the  Qj  outputs  on  the  LOW-to-HIGH  clock 
transition.  When  the  enable  is  HIGH,  the  Qj  outputs  do  not 
change  regardless  of  the  data  or  clock  input  transitions. 
CP    Clock  Pulse  for  the  register.  Enters  data  on  the  LOW-to- 
HIGH  transition. 
Qj   The  TRUE  register  outputs. 
Qj  The  complement  register  outputs 


FUNCTION  TABLE 


Inputs 

Outputs 

E 

Di 

CP 

Qi 

Qi 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

L 

X 

L 

NC 

NC 

L 

L 

t 

L 

H 

L 

H 

t 

H 

L 

H  =  HIGH  NC  =  No  Change 

L  -  LOW  X    =  Don't  Care 

t_=  LOW-to-HIGH  Transition 
Qj  on  LS379  Only 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note;  Actual  current  flow  direction  shown. 
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'PHL 

13 

20 

18 

27 

tpw 

Clock  Pulse  Width 

17 

20 

ns 

>s 

Data 

20 

20 

ns 

*h 

Data 

5.0 

5.0 

ns 

ls 

Clock  Enable 

25 

25 

ns 

«h 

Clock  Enable 

5.0 

5.0 

ns 

*max 

Maximum  Clock  Frequency  (Note  1} 

40 

65 

30 

40 

MHz 

CL  - 15pF 
RL  =  2.0kfl 


Note  1 .  Per  industry  convention,  tmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse  width  or  duty  cycle. 


Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units         Test  Conditions 

TA  =  0°Cto+70°C 
VCC  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°  C  to  +125°C 
Vcc  =  5.0V  ±10% 
Mirt.  Max. 

<PLH 

Clock  to  Output 

30 

35 

ns 

CL  =  50pF 
R|_  =  2.0kf2 

lPHL 

30 

35 

*PW 

Clock  Pulse  Width 

26 

30 

ns 

*s 

Data 

30 

35 

ns 

<h 

Data 

11 

12 

ns 

«s 

Clock  Enable 

33 

38 

ns 

th 

Clock  Enable 

11 

12 

ns 

fmax 

Maximum  Clock  Frequency  (Note  1 ) 

30 

26 

MHz 

•AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A.  Subgroup  9. 


LS378 


Metallization  and  Pad  Layout 


D0 
Dt 


Ql  6 


0| 
GND 


10  02 


□  IE  SIZE  0.075"  X  0.084" 


DIE  SIZE  0.061"  X  0.075" 


3-171 


Am25  LS/54  LS/74  LS378/379 


ORDERING  INFORMATION 


Package 
Type 

Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


Temperature 
Range 

0°Cto  +70°C 
0°C  to  +70°C 
0°Cto  +70°  C 
-55°Cto+125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


Am25LS378 
Order 
Number 

AM25LS378PC 
AM25LS378DC 
AM25LS378XC 
AM25LS378DM 
AM25LS378FM 
AM25LS378XM 


Am25LS379 
Order 
Number 

AM25LS379PC 
AM25LS379DC 
AM25LS379XC 
AM25LS379DM 
AM25LS379FM 
AM25LS379XM 


Am54LS/ 
74LS378 

Order 
Number 

SN74LS378N 

SN74LS378J 

SN74LS378X 

SN54LS378.J 

SN54LS378W 

SN54LS378X 


Am54LS/ 
74LS379 

Order 
Number 

SN74LS379N 

SN74LS379J 

SN74LS379X 

SN54LS379J 

SN54LS379W 

SN54LS379X 


APPLICATION 


Ot  v3  > 


D0 

°0 

°1 

"1 

°2 

°2 

D3 

<>3 

< 

04 

04 

=  5 

°5 

Do 

00 

Dl 

Qi 

°2 

°7 

03 

s 

E 

03 

°4 

< 

<u 

D5 

°5 

°0 

°\ 

°t 

°7 

O? 

°1 

E 

°3 

°4 

< 

°4 

°S 

Ob 

Selective  Register  Loading  of  Data  on  Synchronous  Clock. 
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Am25LS381  •  Am54LS/74LS381 
Am25LS2517 

Arithmetic  Logic  Unit/Function  Generator 


DISTINCTIVE  CHARACTERISTICS 

•  Three  arithmetic  functions 

•  Three  logic  functions 

•  Preset  and  clear  functions 

•  Space-saving  20-pin  package 

•  Carry  output   (Cn+4)  and  overflow  (OVR)  outputs  on 
Am25LS2517 

•  Generate  and  propagate  outputs  for  full  lookahead  carry 
on  Am25LS381 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50m V  lower  Vol  at  'OL  =  8mA 

-  Twice  the  fan-out  over  military  range 

-  440/uA  source  current  at  HIGH  output 

•  100%  product  assurance  testing  to  M I L-STD-883 
requirements 


LOGIC  DIAGRAM 


Note:  The  Advanced  Micro  Devices'  LS381  products  were  designed 
prior  to  publication  of  data  sheets  by  T.I.  Review  specifications  for 
possible  differences.  Am25LS2517  has  been  second  sourced  as  the 
54/74LS382. 


FUNCTIONAL  DESCRIPTION 

The  Am25LS381  and  Am54LS/74LS381  are  arithmetic  logic 
units  (ALU)/function  generators  that  perform  three  arithmetic 
operations  and  three  logic  operations  on  two  4-bit  words.  The 
device  can  also  output  forced  0000  (clear)  or  1111  (preset). 
These  eight  operations  are  selected  using  three  function  select 
inputs  Sg,  S-|  and  S2  as  shown  in  the  function  table.  Full 
carry  look  ahead  is  used  over  the  four-bit  field  within  the 
device.  When  devices  are  cascaded,  multi-level  full  carry  look- 
ahead  is  implemented  using  a  '182  carry  look  ahead  generator 
and  the  G  and  P  outputs  on  the  Am25LS381  or  Am54LS/ 
74LS381.  The  device  is  packaged  in  a  space-saving  (0.3-inch 
row  spacing)  20-pin  package.  If  the  Cn+4  carry  output  func- 
tion is  required,  the  Am25LS251 7  should  be  used. 

The  Am25LS381  is  a  high-performance  version  of  the 
Am54LS/74LS381.  Improvements  include  faster  a.  c.  specifi- 
cations, higher  noise  margin  and  twice  the  fan^out  over  the 
military  temperature  range. 

The  Am25LS2517  is  an  arithmetic  logic  unit  (ALU)/function 
generator  that  performs  three  arithmetic  operations  and 
three  logic  operations  on  two  4-bit  words.  The  device  can 
also  force  output  0000  (clear)  or  1111  (preset).  These  eight 
operations  are  selected  using  three  function  select  inputs  Sq, 
S-]  and  S2  as  shown  in  the  function  table.  Full  carry  look- 
ahead  is  used  over  the  four-bit  field  within  the  device.  When 
devices  are  cascaded,  the  carry  output  (Cn+4)  is  connected  to 
the  carry  input  (Cn)  of  the  next  device.  The  Am25LS2517 
can  also  detect  two's  complement  overflow.  The  overflow 
output  (OVR)  is  defined  logically  as  Cn+3  ffi  Cn+4. 


LOGIC  SYMBOLS 


Am25LS2517 


4       1     2      19    18     17  16 


Am25LS381 
Am54LS/74LS381 

3  4  1  2  19  18  17  16 
I      I        I      I        I      I        I  1 


Vcc  -  pln  20 
GND  -  Pin  10 


CONNECTION  DIAGRAMS 
Top  Views 


Am25LS2517 


VCC  A2  82    A3   B3  Cn  Cn+4OVHF3  F2 

nnnnnnnnnn 

20    19    18    17    16    15    14    13    12  11 


Am25LS381 
Am54LS/74LS381 

Vcc  A2   B2   A3   B3  Cn    P~     5    F3  F2 

nnnnnnnnnn 

I  20    19    IB    17    16    15    14    13    12  11 


UUUIJUUUUUU 

a,  e,  a0  b0  So  s,  s2  f0  f,  gnd 


uuuuuuuuuu 

A,    B,    A0   B0    Srj   S,    S,    F0    F,  GND 


Note:  Pin  1  Is  marked  for  orientation. 
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Am25  LS38 1  •  Am25  LS25 1 7 
ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

0°Cto+70°C  VCC  =  5.0V±5%         MIN.  =  4.75V      MAX.  =  5.25  V 


-55  C  to  +125  C 


.  5.0  V  110% 


■  4.50V      MAX.  -  5.50V 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Typ. 


'arameters 

Description 

Test  Conditions  (Note  1) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =■  MIN.,  Iqh  =  -440  uA 

MIL 

2.5 

3.4 

Volts 

V|N  =Vm  or  V|L 

COM'L 

2.7 

3.4 

Vcc >  MIN. 

VIN  =  V|H  or  V|L 

'OL  =  4.0mA 

0.4 

vol 

Output  LOW  Voltage 

Iql  =  8.0mA 

0.45 

Volts 

Q.l0L  = 

16mA 

0.55 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -1 

8  mA 

-1.5 

Volts 

Any  S 

-0.36 

Ml 

Input  LOW  Current 

VCC  »  MAX.,  V|N  -  0.4  V 

Any  A  or  B 

-1.44 

mA 

•LS381 ,  Cn 

-1.08 

'LS2517,Cn 

-1.44 

Any  S 

20 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  -  2.7V 

Any  A  or  B 

80 

MA 

i  |  h 

•LS381,  Cn 

60 

'LS2517,  Cn 

80 

Any  S 

0.1 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  •  7.0V 

Any  A  or  B 

0.4 

mA 

'i 

'LS381 ,  Cn 

0:3 

VCC  =  MAX.,  V|N  =  5.5V 

'LS2517,Cr, 

0.4 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  -  MAX. 

-15 

-85 

mA 

MIL 

Am25LS381 

40 

'cc 

Power  Supply  Current 

VCC  "  MAX. 

Am25LS2517 

43 

mA 

(Note  4) 

COM'L 

Am25LS381 

25 

43 

Am25LS2517 

27 

47 

Notes:  1 .    For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
Test  conditions:    LS381  :  Sg  =S-|  =  S2  =  GND,  all  other  inputs  open. 

LS2517:  S0  =  Cn  =  open,  all  other  inputs  =  GND. 


Am25LS  •  Am54LS/74LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5V  to  +7 ,0V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCC  max. 


DC  Input  Voltage  (Except  Am25LS2517,  Cn  input  =  5.5V) 


-0.5  V  to +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 
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Am54LS/74LS381 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COWL     TA  -  0°C  to  +70°  C  VCC=5.0V±5%         Ml  N.  =  4.75  V 

MIL         TA  =  -55<,Cto+125°C       Vcc  =  5.0V  110%      MIN.  -4.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


MAX.  =  5.25  V 
MAX.  -  5.50  V 


Typ. 


"arameters 

Description 

Test  Conditions  (Note  11 

Min. 

(Note  21 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCc  *  MIN.,  IQH  =  -400mA 

MIL 

2.5 

3.4 

Volts 

V|N  ™  V|H  or  V|L 

COM'L 

2.7 

3.4 

'OL  =  4mA 

0.4 

vOL 

Output  LOW  Voltage 

Vcc  -  MIN. 

74LS  only,  Iql  ■  8mA 

0.5 

Volts 

vIN=V|HorV|L 

■p.  Iql  "  8.0mA 

0.5 

5,  Iql  =  16mA 

0.65 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCc  "  M,N-.  < IN  "  ~'8mA 

-1.5 

Volts 

Input  LOW  Current  INote  5) 

VCC  T  MAX.,  V|N  =  0.4V 

Any  S 

-0.4 

mA 

•IL 

Others 

-1.6 

Input  HIGH  Current  (Note  5) 

VCC  "  MAX.,  V|N  -  2.7  V 

Any  S 

20 

MA 

'IH 

Others 

80 

•l 

Input  HIGH  Current  (Note  51 

VCC  "  MAX.,  V|N  =  7.0V 

Any  S 

0.1 

mA 

Others 

0.4 

•sc 

Output  Short  Circuit  Current 
INote  3) 

VCC  -  MAX. 

-15 

-100 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  ■  MAX. 

25 

43 

mA 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Test  conditions:   LS381  :  Sq  =       =  S2  =  GN  D,  all  other  inputs  open. 

LS251  7:  Sq  =  Cn  =  open,  all  other  inputs  =  GND. 

5.  Limits  chosen  by  AMD  based  on  SN54S/74S381  ,  T.I.  LS  data  unavailable. 


DEFINITION  OF  FUNCTIONAL  TERMS 

Ag,  A-|,A2,  A3  The  A  data  inputs. 
B0,  B-|,  B2,  B3     The  B  data  inputs. 

S0.S1.S2.  S3  The  control  inputs  used  to  determine  the 
arithmetic  or  logic  function  performed. 

Fg.  Fi,  F2,  F3     The  data  outputs  of  the  ALU. 

Cn  The  carry-in  input  of  the  ALU. 

Cn+4  The  carry-look-ahead  output  of  the  four-bit 

input  field. 

G  The  carry-generate  output  for  use  in  multi- 

level look-ahead  schemes. 

P  The  carry-propagate  output  for  use  in  multi- 

level look-ahead  schemes. 

OVR  Overflow.  This  pin  is  logically  the  Exclusive- 

OR  of  the  carry-in  and  carry-out  of  the  MSB 
of  the  ALU.  At  the  most  significant  end  of 
the  word,  this  pin  indicates  that  the  result 
of  an  arithmetic  two's  complement  operation 
has  overflowed  into  the  sign-bit. 


FUNCTION  TABLE 


Selection 

Arithmetic/Logic 
Operation 

s2 

Si 

So 

L 

L 

L 

Clear 

L 

L 

H 

B  Minus  A 

L 

H 

L 

A  Minus  B 

L 

H 

H 

A  Plus  B 

H 

L 

L 

A  9  B 

H 

L 

H 

A  +  B 

H 

H 

L 

AB 

H 

H 

H 

Preset 

H  =  High  Level,  L  =  Low  Level 
See  Truth  Table  for  full  description. 
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SWITCHING  CHARACTERISTICS 


(Ta  =  +25  C 

VCC  =  5.0V) 

Am25LS 

Am54LS/74LS 

Parameters 

Description 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

«PLH 

C    tn  Ft 

14 

19 

26 

ns 

<PHL 

1 6 

23 

30 

«PLH 

A-  or  R-  tn  F- 

AAj  UP    Dj  IU  H| 

1 6 

24 

30 

ns 

«PHL 

23 

35 

40 

'PLH 

Sj  to  Fj 

20 

30 

35 

ns 

tPHL 

25 

37 

40 

tPLH 

Aj  or  Bj  to  G 

20 

27 

35 

ns 

lPHL 

CLS381  Only) 

1 5 

22 

30 

«PLH 

A,  or  Bj  toP 

1 T 

24 

34 

ns 

tPHL 

CLS381  Only) 

1 5 

23 

30 

tPLH 

Sj  to  G  or  P 

32 

48 

55 

ns 

C[_  =  1 5pF 

tPHL 

CLS381  Only) 

35 

42 

Rj_  »  2.0kn 

tPLH 

Aj  or  Bj  to  OVR 

34 

ns 

«PHL 

CLS2517  Only) 

24 

36 

tPLH 

Aj  or  Bj  to  Cn+4 

21 

32 

ns 

<PHL 

CLS2517  0nly) 

24 

36 

tPLH 

Sj  to  OVfl  or  Cn+4 

27 

41 

ns 

«PHL 

CLS2517  Only) 

37 

55 

'PLH 

Cn  to  Cn+4 

14 

21 

ns 

'PHI 

CLS2517  0nly) 

15 

22 

'PLH 

Cn  to  OVR 

15 

22 

ns 

'PHL 

CLS2517  Only) 

15 

22 

Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

Units           Test  Conditions 

«PLH 

Cn  to  Fj 

27 

30 

ns 

CL  =  50pF 
RL  =  2.0kn 

'PHL 

35 

42 

«PLH 

Aj  or  Bj  to  Fj 

32 

36 

ns 

tPHL 

44 

50 

«PLH 

Sj  to  F, 

38 

42 

ns 

«PHL 

48 

55 

«PLH 

Aj  or  Bj  to  G 
CLS381  Only) 

37 

40 

ns 

•PHL 

31 

36 

»PLH 

Aj  or  Bj  to  F 
CLS381  Only) 

34 

39 

ns 

•PHL 

34 

42 

tPLH 

Sj  to  G  or  P 
CLS381  Only) 

57 

63 

ns 

«PHL 

47 

55 

*PLH 

Aj  or  Bj  to  OVR 
CLS2517  Only) 

41 

45 

ns 

*PHL 

47 

55 

«PLH 

A;  or  Bj  to  Cn+4 

 I  38 

40 

«PHL 

tPLH 

Sj  to  OVR  or  Cn+4 
CLS2517  Only) 

52 

60 

ns 

tPHL 

66 

75 

'PLH 

Cn  to  Cn+4 
CLS2517  Only) 

28 

32 

ns 

<PHL 

28 

30 

'PLH 

Cn  to  OVR 
CLS2517  Only) 

30 

35 

ns 

«PHL 

28 

30 

"AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS381 
TEST  TABLE 


Path 

so 

S1 

S2 

c„ 

Same  Bit 

Other  Data  Bits 

Output 
Waveform 

In 

Out 

4.5  V 

GND 

4.5  V 

GND 

r 
*-n 

1 

0 

0 

_ 

AM  A's  &  B's 

out-of  -phase 

c„ 

^Tl 

c- 
rl 

1 

0 

0 

L 

B- 

Ai 

All  A's  &  B's 

in-phase 

Ai 

Q 

1 

1 

0 

X 

B: 

All  B's 

All  A's 

out-of-phase 

B 

Q 

1 

1 

0 

X 

Ai 

All  B's 

All  A's 

out-of -phase 

Aj 

p 

X 

X 

1 

X 

Bj 

All  A's  &  B's 

out-of-phase 

gj 

p 

1 

1 

0 

X 

Ai 

All  B's 

All  A's 

out-of-phase 

Ai 

Pj 

0 

1 

0 

0 

g. 

A's  &  B 's 

out-of-phase 

Ai 

p- 

0 

1 

0 

1 

B- 

A's  &  B's 

in-phase 

Q 

Pj 

0 

1 

0 

0 

A- 

A  s  8t  B  s 

out-of-phase 

8 

p. 

0 

1 

0 

1 

1 

As&Bs 

in-phase 

Aj 

■1+1 

0 

1 

0 

1 

Bj 

A's  &  B's 

out-of-phase 

8i 

Fi+1 

1 

0 

0 

1 

Ai 

A's  &  B's 

out-of-phase 

s0 

Fi 

- 

0 

0 

1 

Bi 

Ai 

All  B's 

All  A's 

in-phase 

s0 

G 

1 

0 

X 

A's  &  B's 

out-of-phase 

s0 

p 

1 

0 

X 

All  B's 

All  A's 

out-of-phase 

Si 

Fj 

0 

0 

1 

Ai 

Bi 

All  A's 

All  B's 

in-phase 

S1 

G 

1 

0 

X 

A's  &  B's 

out-of-phase 

Si 

p 

1 

0 

X 

All  A's 

All  B's 

out-of-phase 

s2 

F| 

0 

1 

1 

Ai 

Bi 

All  A's 

All  B's 

in-phase 

s2 

G 

1 

1 

X 

A's&  B's 

in-phase 

s2 

p 

1 

1 

X 

All  A's 

All  B's 

out-of-phase 

X  =  Don't  care 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

FUNCTION 

So 

s2 

*n 

Bn 

F0  *1 

f2  F3 

G 

p 

CLEAR 

0 

0 

0 

X 

X 

X 

0  0 

0  0 

0 

0 

0 

0 

1 

0 

s 

0 

0 

0 

0 

1 

B  MINUS  A 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 
1 

1 

0 

0 

0 

0 

1 

0 

0 

A  MINUS  B 

0 

1 

0 

0 

0 

1 

0 

1 
1 

1 

0 

1 

0 

0 

1 

0 

0 

0 

0 

A  PLUS B 

1 

1 

0 

0 

0 

1 
1 

1 

0 

1 

0 

1 

0 

X 

0 

A  •  B 

0 

0 

1 

X 
X 

1 

0 

X 

0 

X 

0 

A  +  B 

1 

0 

1 

X 
X 

1 
1 

X 

0 

AS 

0         1  1 

X 
X 
X 
X 

0 

1 

0 
0 

PRESET 

1      1  1 

X 
X 
X 

1  0 

1 
1 
1 

0 
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Am25LS2517 
TEST  TABLE 


Path 

so 

Si 

S2 

Cn 

Same  Bit 

Other  Data  Bits 

Output 
Waveform 

In 

Out 

4.5  V 

GND 

4.5  V 

GND 

Any  F 

1 

0 

0 

_ 

A's  &  B's 

out-of -phase 

F: 

1 

0 

0 

Bj 

Aj 

A's  &  B's 

None 

in-phase 

A; 

p- 

0 

1 

0 

0 

Bj 

A's  &  B's 

out-of-phase 

A' 

p. 

0 

1 

0 

1 

Bi 

in-phase 

Ai 

OVR  F 

0 

1 

1 

1 

in-phase 

Ai 

0 

1 

1 

1 

Bj 

A's  &  B's 

None 
.  °"e. 

in-phase 

Bi 

p. 

0 

1 

0 

0 

A- 

out-of-phase 

Bi 

Pj 

0 

1 

0 

1 

Aj 

A's  &  B's 

in-phase 

Bi 

OVRF 

0 

1 

1 

0 

A" 

A'  &  ' 

out-of-phase 

g- 

^n+4 

0 

1 

1 

0 

A" 

A  s  &  B's 

None 

out-of-phase 

A" 

0 

1  i 

0 

1 

A's  &  B's 

None 

out-of-phase 

Bj 

Fi+1 

1 

0 

0 

1 

Aj 

A's  &  B's 

out-of-phase 

so 

Fj 

0 

0 

1 

Bj 

Ai 

All  B's 

All  A's 

in-phase 

s0 

OVRF 

1 

1 

0 

A's  &  B's 

None 

out-of-phase 

s0 

Cn+4 

1 

1 

0 

None 

A's  &  B's 

out-of-phase 

S1 

Fj 

0 

0 

1 

Aj 

Bi 

All  A's 

All  B's 

in-phase 

S1 

OVRF 

0 

1 

X 

None 

A's  &  B's 

in-phase 

S1 

Cn+4 

0 

1 

X 

None 

A's  &  B's 

in-phase 

s2 

Fj 

0 

1 

1 

Aj 

Bj 

All  A's 

All  B's 

in-phase 

s2 

OVRF 

0 

1 

0 

None 

A's  &  B's 

in-phase 

s2 

Cn+4 

0 

1 

0 

None 

A's  &  B's 

in-phase 

X  =  Don't  care 


TRUTH  TABLE 
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Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.091"  X  0.108" 


USER  NOTES 

1.  Throughout  this  data  sheet,  the  active  HIGH  input  and  out- 
put terminology  has  been  used. 

2.  Arithmetic  operations  are  performed  on  a  word  basis. 

3.  Logic  operations  are  performed  on  a  bit  basis. 


4.  Arithmetic  in  1  's  complement  notation  requires  an  end 
around  carry. 

5.  Subtraction  in  2's  complement  notation  requires  a  carry  in 
(Cn  =  HIGH)  for  the  active  HIGH  case. 


3-179 


Am25LS/54LS/74LS381  •  Am25LS2517 


APPLICATIONS 


A5  "6  A7       B4  B5  a6  °7 


A8  A9A10A11      B8  69B1061' 


A12A13A'4A15  a'\2'1]3°14's15 


c 

A0  A, 

A2  A3       B0  B1  B2  B3 

cn+4 

s 

3 

Am25LS2517 

s 

s 

z  F0 

Fi       F2  F3 

a0  a,  a2  a3     b0  b,  a2  e 


Am25LS2S17 


F0       F]       F2       F3  OVR 


A0  At  A7  A3       B0  Bt  b2  b3 

)  Am25LS2517 

?        F0        F,         F;  F3 


A0  A,  A2  A3       B0  B,  E 


Am25LS2517 


3       F0       F,        F2  F3 


cOUT 


F0        Fl       F2  F3 


F8       F9       F10  FT1 


F12      F13      FK  F15 


TYPICAL  SPEED  CALCULATIONS 


Output 

Path 

F 

Cn+4,  OVR 

Aj  or  B|  to  Cn+4 

24  ns 

24  ns 

Cn  to  Cn+4 

1  5  ns 

15  ns 

Cn  to  Cn+4 

15  ns 

15  ns 

Cn  to  F, 

16  ns 

15  ns 

16-Bit  Speed 

70  ns 

69  ns 

The  Am25LS2517  in  a  16-Bit  Ripple  Carry  ALU  Connection. 


A12A13A14A15  B,2B13 

I  I  II  II 

B!4  B15 

1  1 

c  *0  A1  A2  A3       B0  s1 

b2  a3 

if. 

cn+4 

u  Am25LS25I7 

S, 

S2        F0        F,  F2 

F3  °VR 

Ag  At  A;  A3        BQ  Bt  B3  B3 



c  AQ  A,  A2  A3      B0  B,  62  B3 

^  Am25LS3B1 

S2  FQ  f2    f3     g  ? 


F0     Fl     F2  F3 


A4  Ag  Ag  A7  B4   H5  Og  H7 

I    I    I    I       I    I    I  I 

A0  A,  A2  A3       B0  Bt  B2  B3 
3  Am25LS381 
2  F0     F1      F2     F3     5  "P 


F4      F5      Ffl  F7 


A8A9A10A11     °8  a9B10b11 

I  I  I  1     I  I  1  I 

A0  AT  a2  A3     B0  9i  b2  b3 

0  Am25LS381 

2  FP    ft    F2     F3     G  W 


Fn    F9    Fin  Fii 


F19     F,,      F 1  a  E.j 


TYPICAL  SPEED  CALCULATIONS 


Output 

Path 

F 

Cn+4.  OVR 

Aj  or  Bj  to  G  or  P 

20  ns* 

20  ns" 

Gj  or  Pj  to  Cj+j 

8  ns 

8  ns 

(Am  2902) 

Cn  to  F 

16  ns 

Cn  to  Cn+4_  OVR 

15  ns 

16-Bit  Speed 

44  ns 

43  ns 

*  Note  that  S;  to  G  or  P  mav  be  longer  path. 


The  Am25LS2517  and  Am25LS381  in  a  16-Bit  Carry  Lookahead  ALU  Connection. 
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UNDERSTANDING 
THE  Am25LS251 7  AND  THE  Am25LS381 

By  John  R.  Mick 


INTRODUCTION 

The  heart  of  most  digital  arighmetic  processors  is  the  arithme- 
tic logic  unit  (ALU).  The  ALU  can  be  thought  of  as  a  digital 
subsystem  that  performs  various  arithmetic  and  logic  oper- 
ations on  two  digital  input  variables.  The  Am25LS2517  and 
the  Am25LS381  are  Schottky  TTL  arithmetic  logic  units/ 
function  generators  that  perform  eight  arithmetic/logic  opera- 
tions on  two  four-bit  input  variables.  In  most  ALU's,  speed  is 
generally  a  key  ingredient.  Therefore,  as  much  parallelism  in 
the  operation  of  the  arithmetic  logic  unit  as  possible  is  desired. 

The  Am25LS381  ALU  is  designed  to  operate  with  a  '182  carry 
lookahead  generator  to  perform  multi-level  full  carry  lookahead 
over  any  number  of  bits.  Therefore,  the  Am25LS381  has  both 
the  carry  generate  and  carry  propagate  outputs  required  by  the 
'182  carry  lookahead  generator.  The  Am25LS2517,  on  the 
other  hand,  does  not  have  the  carry  generate  and  carry  propa- 
gate functions,  but  rather  has  the  carry  output  (Cn+4)  and  a 
two's  complement  overflow  detection  signal  (OVR)  available 
at  the  output.  The  net  result  is  that  a  very  high-speed  16-bit 
arithmetic  logic  unit/function  generator  can  be  designed  and 
assembled  using  three  Am25LS381's,  one  Am25LS2517,  and 
one  Am2902  (the  Am2902  is  a  high-speed  version  of  the  '182 
carry  lookahead  generator). 

UNDERSTANDING  THE  FULL  ADDER 

The  results  of  an  arithmetic  operation  in  any  position  in  a 
word  depends  not  only  on  the  two-input  operand  bits  at  that 
position,  but  also  on  all  the  lesser  significant  operand  bits  of 
the  two  input  variables.  The  final  result  for  any  bit,  therefore, 
is  not  available  until  the  carries  of  all  the  previous  bits  have 
rippled  through  the  logic  array  starting  from  the  least  signifi- 
cant bit  and  propagating  through  to  the  most  significant  bit.  A 
full  adder  is  a  device  that  accepts  two  individual  operand  bits 
at  the  same  binary  weight,  and  also  accepts  a  carry  input  bit 
from  the  next  lesser  significant  weight  full  adder.  The  full 
adder  then  produces  the  sum  bit  for  this  bit  position  and  also 
produces  a  carry  bit  to  be  used  in  the  next  more  significant 
weight  full  adder  carry  input.  The  truth  table  for  a  full  adder  is 


shown  in  Figure  1 .  From  this  truth  table,  the  equations  for  the 
full  adder: 

S  =  A  ©  B  ©  C 

Co  =  AB  +  BC  +  AC, 

where  A  and  B  are  the  input  operands  to  the  full  adder  and 
C  is  the  carry  input  into  the  adder. 

The  sum  output,  S,  represents  the  sum  of  the  A  and  B  operand 
inputs  and  the  carry  input.  The  carry  output,  Co.  represents 
the  carry  out  of  this  cell  and  can  be  used  in  the  next  more  sig- 
nificant cell  of  the  adder.  Full  adder  cells  can  be  cascaded  as 
depicted  in  Figure  2  to  form  a  four-bit  ripple  carry  parallel 
adder. 


Inputs 

Outputs 

A  B 

c 

s  C0 

0  0 

0 

0  0 

0  0 

1 

1  0 

0  1 

0 

1  0 

0  1 

1 

0  1 

1  0 

0 

1  0 

1  0 

1 

0  1 

1  1 

0 

0  1 

1  1 

1 

1  1 

Figure  1.  Full  Adder  Truth  Table. 


Note  that  once  we  have  cascaded  devices  as  shown  in  Figure  2, 
we  may  wish  to  discuss  the  equations  for  the  i-th  bit  of  the 
adder.  In  so  doing,  we  might  describe  the  equations  of  the  full 
adder  as  follows: 

Sj  =  Aj  ©  Bj  <B  Cj 

Cj+1  =  AjB,  +  BjCj  +  AjCj 

where  the  Aj  and  Bj  are  the  input  operands  at  the  i-th  bit, 
and  the  Cj  is  the  carry  input  to  the  i-th  bit.  (Note  that  the 
equations  for  this  adder  are  iterative  in  nature  and  each 
depends  on  the  result  of  the  previous  lesser  significant  bits 
of  the  adder  array.) 
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Figure  2.  Cascaded  Full  Adder  Cells  Connected  as  a  Four-Bit  Ripple-Carry  Full  Adder. 
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The  connection  scheme  shown  in  Figure  2  requires  a  ripple 
propagation  time  through  each  full  adder  cell.  If  a  16-bit  adder 
is  to  be  assembled,  the  carry  will  have  to  propagate  through  all 
16  full  adder  cells.  What  is  desired  is  some  technique  for  antici- 
pating the  carry  such  that  we  will  not  have  to  wait  for  a  ripple 
carry  to  progagate  through  the  entire  network.  By  using  some 
additional  logic,  such  an  adder  array  can  be  constructed.  This 
type  of  adder  is  usually  called  a  carry  lookahead  adder. 

A  FOUR-BIT  CARRY  LOOKAHEAD  ADDER 

Looking  back  to  the  equations  developed  for  i-th  bit  of  an 
adder,  let  us  now  rewrite  the  carry  equation  in  a  slightly  dif- 
ferent form.  When  we  factor  the  Cj  in  this  equation,  the  new 
equation  becomes: 

Cjl-1  =  AjB,  +  Cj  (Aj  +  Bj) 
From  the  above  equation,  let  us  now  define  two  additional 
equations.  These  are: 
=  AjBj 
Aj  +  Bi 

With  these  two  new  auxiliary  equations,  we  can  now  rewrite 
the  carry  equation  for  the  i-th  bit  as  follows: 

Cj  n  =  Gj  +  PjCj 
Note  that  we  have  now  developed  two  terms:  the  Pj  term  is 
known  as  carry  propagate  and  the  Gj  term  is  known  as  carry 
generate.  An  anticipated  carry  can  be  generated  at  any  stage  of 
the  adder  by  implementing  the  above  equations  and  using  the 
auxiliary  functions  Pj  and  Gj  as  required. 

It  is  interesting  to  note  that  the  sum  equation  can  also  be 
written  in  terms  of  these  two  auxiliary  equations,  Pj  and  Gj. 
For  th  s  case,  the  equation  is: 
i  =  (Aj  +  Bj)  (AjBj)ffiCj 
The  auxiliary  function  Gj  is  called  carry  generate,  because  if  it 
then  a  carry  is  immediately  produced  for  the  next  adder 


is  true 


The  function  Pj  is  called  carry  propagate  because  it 
implies  there  will  be  a  carry  into  the  next  stage  of  the  adder  if 
there  is  a  carry  into  this  stage  of  the  adder.  That  is,  Gj  causes  a 
carry  signal  at  the  i-th  stage  of  the  adder  to  be  generated  and 
presented  to  the  next  stage  of  the  adder  while  Pj  causes  an 
existing  carry  at  the  input  to  the  i-th  stage  of  the  adder  to 
propagate  to  the  next  stage  of  the  adder. 

Let  us  now  write  all  of  the  sum  and  carry  equations  required 
for  a  full  four-bit  lookahead  carry  adder. 

si  =  A0  ©  B0  e  C0 

Sf  =Ai  ©  B-i  ©  [Go  +  PoCol 

52  =  A2  ®  B2  ©  fG-|  +  Pt  Gq  +  Pi  PoCol 

53  =  A3®  B2  ffi  [G2  +  P2G1  +P2P1G0  +  P2PiPoC0] 
CiM  =  G3  +  P3G2  +  P3P2G1  +  P3P2P1G0  +  P3P2P1P0C0 

An  important  point  to  note  is  that  all  of  the  sum  equations  and 
the  final  carry  output  equation,  Cj+4,  can  be  written  in  terms 
of  the  Aj,  Bj,  and  Co  inputs  to  the  four-bit  adder.  The  confi- 
guration as  described  above  is  shown  in  Figure  3.  This  figure  is 
divided  into  two  parts  -  the  upper  blocks  show  the  auxiliary 
function  generator  circuitry  required  to  implement  the  Pj  and 
Gj  equations  while  the  lower  block  implements  the  logic  re- 
quired to  generate  the  sum  output  at  each  bit  position. 

A  serious  drawback  to  the  lookahead  carry  adder  is  that  as  the 
word  length  is  increased,  the  carry  functions  become  more  and 
more  complex,  eventually  becoming  impractical  due  to  the 
large  number  of  interconnections  and  heavy  loading  of  the  Gj 
and  Pj  functions.  The  auxiliary  function  concept  can  be  ex- 
tended, however,  by  dividing  the  word  length  into  fairly  small 
increments  and  defining  blocks  of  auxiliary  functions  G  and  P. 


Figure  3.  Full  Four-Bit  Carry- Lookahead  Adder. 

It  is  possible  for  a  given  block,  to  define  a  function  G  as  the 
carry  out  generated  with  the  block;  and  P  can  be  defined  as 
the  carry  propagate  over  the  block.  If  the  block  size  is  set  at 
four  bits,  then  the  functions  for  G  and  P  for  this  block  can  be 
defined  as  follows: 

G  =  G3  +  P3G2  +  P3P2G1  +  P3P2P1G0 

P=  P3P2P1  Pe- 
lt is  important  to  note  that  neither  of  these  terms  involves  a 
carry-in  (Co)  to  the  block,  so  no  matter  how  many  blocks  are 
tied  in  an  adder,  all  the  blocks  have  stable  G  and  P  functions 
available  in  a  minimum  number  of  gate  delays. 

The  G  and  P  functions  can  be  gated  to  produce  a  carry-in  to 
each  four-bit  block,  as  a  function  of  the  lesser  significant 
blocks.  The  carry-in  to  a  block  in  is  therefore: 

Cn  -  Gn_-|  +  Pn-lGn_2  +  Pn-1  Pn-2Gn-3  +  .  .  . 
+  Pn-lPn-2Pn-3  - -  P2P1P0C0 

Finally,  the  carry-in  to  each  of  the  bits  in  a  four-bit  block  must 
include  a  term  for  the  actual  least  significant  carry-in;  note, 
therefore,  that  the  equations  for  the  four-bit  full  adder  pre- 
sented above  include  a  term  for  carry-in  at  each  bit  position. 
Figure  4  shows  the  logic  diagram  for  the  Am25LS381  arith- 
metic logic  unit/function  generator  while  Figure  5  shows  the 
logic  diagram  for  the  Am25LS2517  arithmetic  logic  unit/ 
function  generator.  Note  the  generate  and  propagate  outputs 
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Figure  4.  Logic  Diagram  of  The  Am25LS381. 


Figure  5.  Logic  Diagram  of  the  Am25LS2517. 


on  the  Anrt25LS381 ,  and  the  carry  output  and  overflow  output 
on  the  Am25LS2517.  Figure6gives  the  function  table  for  both 
the  Am25LS2517  and  Am25LS381.  Figure  7  shows  the  tech- 
nique for  cascading  three  Am25LS381 's,  one  Am25LS2517, 
and  one  Am2902  in  a  full  16-bit  high-speed  carry  lookahead 
connection.  Figure  8  shows  a  connection  scheme  using  only 
four  Am25LS2517's  in  a  16-bit  arithmetic  logic  unit  con- 
nection where  the  carries  are  rippled  between  the  devices. 
Each  Am25LS2517  does  use  internal  carry  lookahead  over  the 
four-bit  block. 

In  summary,  the  ripple  carry  method  can  be  used  in  conjunction 

with  the  lookahead  technique  in  several  ways. 

1.  Lookahead  carry  over  sections  of  the  adder  and  ripple 
carry  between  these  sections  of  the  adder  can  be  used.  This 
method  is  often  the  most  efficient  in  terms  of  hardware  for 
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Figure  6.  Function  Table  for  the  Am25LS2517 
and  Am25LS381. 
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Figure  7.  Full  Lookahead  Carry  16-Bit  Adder. 
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Figure  8.  Connection  of  16-Bit  ALU  Using  Ripple  Carry. 


a  given  speed  requirement.  It  does  not  require  the  use  of  a 
lookahead  carry  generator  such  as  the  Am2902. 

2.  Lookahead  carry  across  16-bit  blocks  with  a  ripple  carry 
between  16-bit  blocks  can  be  used.  This  technique  is 
usually  called  two-level  carry  lookahead  addition.  This  tech- 
nique results  in  very  high-speed  arithmetic  function  gener- 
ation and  makes  a  reasonable  tradeoff  between  the  speed 
and  hardware  for  word  lengths  greater  than  16  bits. 

3.  Full  lookahead  carry  across  all  levels  and  all  block  sizes  can 
be  used.  This  is  the  highest  speed  arithmetic  logic  unit  con- 
nection scheme.  For  word  sizes  up  to  64  bits,  it  is  referred 
to  as  three-level  lookahead  carry  addition.  Such  a  64-bit 
ALU  requires  the  use  of  five  Am2902  carry  lookahead  gen- 
erator units  in  addition  to  the  15  Am25LS381  devices  and 
one  Am25LS2517  as  shown  in  Figure  9. 

OVERFLOW 

When  two's  complement  numbers  are  added  or  subtracted,  the 
result  must  lie  within  the  range  of  the  numbers  that  can  be 
handled  by  the  operand  word  length.  Numbers  are  normally 
represented  either  as  fractions  with  a  binary  point  between  the 
sign  bit  and  the  rest  of  the  word,  or  as  integers  where  the  binary 


point  is  after  the  least  significant  bit.  The  actual  choice  for  the 
location  of  the  binary  point  is  really  up  to  the  design  engineer, 
as  the  hardware  configuration  required  for  either  technique  is 
identical.  It  is  also  possible  to  use  number  notations  that  in- 
clude both  integer  and  fractional  representations  in  the  same 
numbering  scheme.  Overflow  is  defined  as  the  situation  where 
the  result  of  an  arithmetic  operation  lies  outside  of  the  num- 
ber range  that  can  be  represented  by  the  number  of  bits  in  the 
word.  For  example,  if  two  eight-bit  numbers  are  added  and  the 
result  does  not  lie  within  the  number  range  that  can  be  re- 
presented by  an  eight-bit  word,  we  say  that  an  overflow  has 
occured.  This  can  happen  at  either  the  positive  end  of  the 
number  range  or  at  the  negative  end  of  the  number  range.  The 
logic  function  that  indicates  that  the  result  of  an  operation  is 
outside  of  the  representable  number  range  is: 

OVR  =  CS®CS+1 

where  Cs  is  the  carry-in  to  the  sign  bit  and  Cs+1  is  the 
carry-out  of  the  sign  bit. 

Thus,  for  a  four-bit  ALU  with  the  sign  bit  in  the  most  signifi- 
cant bit  position,  the  overflow  can  be  defined  as  the  Cn+4 
term  exclusive  OR'ed  with  the  Cn+3  term. 
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Figure  9.  64-Bit  ALU  with  Full  Carry  Lookahead  Using  5  Am2902's,  15  Am25LS381's  and  1  Am25LS2517. 
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SPEED  OR  DELAY 

Usually,  the  most  important  parameter  in  the  design  of  any 
arithmetic  logic  unit  is  speed.  How  fast  can  two  numbers  be 
added?  Is  ripple  carry  sufficient  or  should  carry  lookahead 
over  the  entire  adder  array  be  used?  In  order  to  answer  these 
questions,  the  design  engineer  must  first  evaluate  the  speed  of 
the  ALU  required  in  his  system.  Then  he  can  evaluate  the  var- 
ious alternatives  based  on  the  number  of  bits  in  the  word 
being  used  in  the  design. 

The  calculation  of  the  speed  (add  or  subtract  time)  of  a  16-bit 
adder  is  straightforward  and  will  be  discussed  in  detail.  It 
should  be  mentioned  that  the  speed  of  the  adder  while  in  the 
logic  mode  is  simply  the  propagation  delay  from  the  Aj  or 
Bj  inputs  to  the  Fj  outputs  (35ns  maximum  at  25°C  and  5V 
for  the  Am25LS2517). 

LOOKAHEAD  CARRY 

The  typical  method  for  building  16-bit  ALU's  is  to  employ  a 
carry  lookahead  generator  such  as  the  Am2902.  Such  a  16-bit 
design  would  incorporate  three  Am25LS381's,  one  Am25LS 
2517,  and  one  Am2902.  For  the  16-bit  full  carry  lookahead 
adder  in  the  add  or  subtract  mode  as  shown  in  Figure  7,  the 
maximum  propagation  delay  for  data-in  to  data-out  is  cal- 
culated as  follows: 

DATA  PATH  DELAY 
16-BIT  LOOKAHEAD  ADDER/SUBTRACTOR 
(+5V  and  25°  C  Maximum  Delays) 


Path 

Output 

Units 

Fi 

Cn+4 

OVR 

Aj  or  Bj  to  G  or  P 

27 

27 

27 

ns 

G,  or  P,  to  Ci+j  IAm2902) 

10 

10 

10 

ns 

Cn  to  Fj 

23 

ns 

Cn  to  Cn+4  or  OVR 

22 

22 

ns 

TOTAL 

16-bit  delay 

60 

59 

59 

ns 

The  data  path  for  this  computation  begins  at  the  least  signifi- 
cant 4-bit  device,  propagates  through  the  Am2902,  and  then 
ends  at  the  most  significant  4-bit  device.  Actually,  the  delay 
to  the  outputs  of  the  most  significant  device  (MSD),  then 
second  MSD,  or  third  MSD  is  identical. 

Thus,  the  above  speed  is  identical  if  a  12-bit  ALU  is  fabricated. 
This  results  because  the  same  types  of  combinatorial  propaga- 
tion delays  are  involved. 

We  should  also  investigate  the  delay  of  this  adder  with  regard 
to  the  select  inputs  as  shown  in  Figure  7.  Again,  we  may  cal- 
culate the  16-bit  full  carry  lookahead  add/subtract  delay  as 
follows: 


16 -BIT  LOOKAHEAD  ADDER  DELAY 
FOR  SELECT  INPUTS 
(+5V  and  25°C  Maximum  Delays) 


Path 

Output 

Units 

Fj 

Cn+4 

OVR 

Sj  to  G  or  P 

48 

48 

48 

ns 

Gj  or  P|  to  Ci+j  (Am2902l 

10 

10 

10 

ns 

Cn  to  Fj 

23 

ns 

Cn  to  Cn+4  or  OVR 

22 

22 

ns 

TOTAL 

16-bit  delay 

81 

80 

80 

ns 

Let  us  examine  the  speed  of  a  64-bit  arithmetic  logic  unit 
fabricated  as  shown  in  Figure  9.  The  worst  case  path  for  this 
design  is  as  follows: 


DATA  PATH  DELAY 
64-BIT  LOOKAHEAD  ADDER/SUBTRACTOR 
(+5V  and  25°C  Maximum  Delays) 


Path 

Output 

Units 

Fj 

Cn+4 

OVR 

Aj  or  Bj  to  G  or  P 

27 

27 

27 

ns 

Gj  or  Pj  to  Gj  or  P,  (Am2902) 

14 

14 

14 

ns 

Gj  or  P,  to  Ci+j  (Am2902> 

10 

10 

10 

ns 

Cn  to  Ci+j  (Am2902) 

14 

14 

14 

ns 

Cn  to  Fj 

23 

ns 

Cn  to  Cn+4  or  OVR 

22 

22 

ns 

TOTAL 

16-bit  delay 

88 

87 

87 

ns 

The  above  example  demonstrates  the  speed  improvement 
when  using  carry  lookahead  over  the  entire  array.  When  this 
64-bit  example  is  compared  with  the  previous  16-bit  example, 
it  will  be  found  that  the  only  difference  Is  the  addition  of  two 
Am2902  delays. 


RIPPLE  CARRY 

The  slowest  speed  ALU  design  employs  the  ripple  carry  tech- 
nique. When  four-bit  devices  such  as  the  Am25LS2517  are 
employed  in  such  an  ALU,  the  speed  is  usually  computed 
using  the  combinatorial  delay  terms  in  the  following  manner. 

1.  Select  the  longest  combinatorial  delay  in  the  least  signifi- 
cant device  from  any  input  to  the  carry  output,  Cn+4.  This 
is  usually  from  the  A  or  B  inputs  to  the  carry  output. 

2.  Add  the  carry  input  to  carry  output  propagation  delay  as 
many  times  as  required  to  represent  each  of  the  interme- 
diate four-bit  ALU's. 

3.  Finally,  take  the  propagation  delay  from  the  carry  input  to 
the  ALU  adder  outputs. 

When  the  above  rules  are  followed,  the  total  worst  case  propa- 
gation delay  over  the  entire  ALU  bit  width  is  derived. 

If  we  consider  the  ripple  carry  adder/subtractor  configuration 
as  shown  in  Figure  8,  the  propagation  delay  for  the  data  input 
to  data  output  path  is  computed  as  follows: 
DATA  PATH  DELAY 
16-BIT  RIPPLE  CARRY  ADDER/SUBTRACTOR 
(+5V  and  +25°C  Maximum  Delays) 


Path 

Output 

Units 

Fi 

Cn+4 

OVR 

Aj  or  Bj  to  Cn+4 

36 

36 

36 

ns 

Cn  to  Cn+4 

22 

22 

22 

ns 

Cn  to  Cn+4 

22 

22 

22 

ns 

Cn  to  Fj 

23 

ns 

Cn  to  Cn+4  or  OVR 

22 

22 

ns 

TOTAL 

16-bit  delay 

103 

102 

102 

ns 

In  this  connection,  the  maximum  delay  begins  at  the  least  sig- 
nificant device  and  propagates  through  the  most  significant 
device  via  the  ripple  carry  path. 

The  select  to  output  delay  is  computed  in  a  similar  manner 
using  Sj  to  Cn+4  as  the  first  term  and  is  found  to  be: 

Sj  to  Fj  =  122ns;  Sj  to  Cn  +  4  =  12ns;  Sj  to  OVR  =  1 21  ns 
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Understanding  the  Am25LS2517  and  the  Am25LS381 


The  ripple  carry  computational  examples  show  the  speed 
of  a  16-bit  ALU  function/generator  built  using  four  Am25LS 
251 7's. 

COMPARING  THE  '2517/'381  WITH  THE  '181 

To  compare  the  performance  of  the  Am25l_S2517  and 
LS381,  we  should  evaluate  the  various  '181  ALU's  connected 
in  a  16-bit  configuration  with  the  Am2902  carry  lookahead 
generator  used  in  all  configurations  as  shown  in  Figure  7.  The 
comparison  for  the  Aj  or  Bj  to  Fj  add/subtract  time  is  as 
follows: 

COMPARISON  OF  16-BIT  ADDER/SUBTRACTOR 
DATA  DELAY  USING  4  ALU's  AND  1  Am2902 


Even  more  important  is  the  comparison  of  "System  Speed" 
normally  associated  with  the  ALU  function.  If  we  assume  the 
system  configuration  as  shown  in  Figure  10,  then  a  reasonable 
comparison  of  speed  f or  Aj  or  Bj  to  O V  E  R  F  LOW  can  be  made 
as  follows: 

SPEED  AND  POWER 
FOR  ALU  SYSTEMS  OF  FIGURE  10 


ALU  Device 

Maximum 
Add/Subtract 

Delay 
+5V  and  25° C 

Maximum 
Power* 
Vcc  =  +5.25V 

Am  74 
Am  74 
Am74 
Am25 
Am25 

S181 
181 
LS181 
LS181 

LS381/Am25LS2517 

37ns 
64ns 
69ns 
55ns 
60ns 

914mA 
694mA 
242mA 
242mA 
266mA 

All 

All 

All 

All 

Gold 

'LS381 

Path 

"S" 

25  LS 

74  LS 

Doped 

LS2517 

Units 

Aj  or  Bj  to  G 
orP~ 

15 

26 

33 

25 

27 

ns 

G  or  P  to  Cj+j 
(Am2902) 

10 

10 

10 

10 

10 

ns 

Cn  to  OVR 

22 

ns 

Cn  to  F3 

12 

19 

26 

19 

ns 

Inverter 

5 

20* 

20 

22 

ns 

MUXtoOVR 
('151) 

12 

24 

32 

27 

ns 

TOTAL 

54 

99 

121 

103 

59 

ns 

POWER 

993 

253 

253 

748 

266 

mA 

Of  this  power,  94mA  is  the  Am2902 


ir  v 


G  P 


Cn  '-81 
G  P 


i —  c„  C0UT 


L>o- 


1 


A01  234567 


G  P  Cn+X  G  P  Cn+y  G  P  Cn+,         G  P 

Am2902 


STATUS  REG 
Q  Q 


a)  The  '181  Connection 

A  B  A  B 


Cn  '381 
G  P 


Cn  '381 
G  P 


Cn  '381 
G  P 


V 


G 

P 

G 

P 

Cn+y  G 

P 

Am  2902 

STATUS  REG 


b)  The  '381/'2517  Connection 


Figure  10.  The  Normal  ALU  System. 


SUMMARY 


The 
mance 
su 

74S1 


btract 
81 


Am25LS381  and  Am25LS2517  offer  superior  perfor- 
utilizing  the  space  saving  20-pin  package.  The  data  add/ 
time  compares  very  favorably  with  the  74181  and 
with  a  considerable  reduction  (1/3  to  1/4)  in  dissi- 


pated power.  The  Am25LS381  and  Am25LS2517  combina- 
tion provide  the  OVR  function  not  currently  available  or 
easily  to  implement  on  any  '181  configuration.  The  20-pin 
package  configuration  offers  at  least  a  2:1  saving  in  PC  board 
area  compared  to  the  '181  24-pin  package  approach. 
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Am25LS384  •  Am54LS/74LS384 

8-Bit  Serial/Parallel  Two's  Complement  Multiplier 


The  'LS384  is  Texas  Instruments'  planned  second  source  to  Advanced  Micro 
Devices'  Am25LS14.  See  Am25LS14  data  sheet  for  full  information. 


FUNCTIONAL  DESCRIPTION 


The  Am25LS14  is  an  8-bit  by  1-bit  sequential  logic  element 
that  performs  digital  multiplication  of  two  numbers  repre- 
sented in  two's  complement  form  to  produce  a  two's  comple- 
ment product  without  correction  by  using  Booth's  algorithm 
internally.  The  device  accepts  an  8-bit  multiplicand  (X  input) 
and  stores  this  data  in  eight  internal  latches.  The  X  latches  are 
controlled  via  the  clear  input.  When  the  clear  input  is  LOW,  all 
internal  flip-flops  are  cleared  and  the  X  latches  are  opened  to 
accept  new  multiplicand  data.  When  the  clear  input  is  HIGH, 
the  latches  are  closed  and  are  insensitive  to  X  input  changes. 

The  multiplier  word  data  is  passed  by  the  Y  input  in  a  serial 
bit  stream  —  least  significant  bit  first.  The  product  is  clocked 
out  the  S  output  least  significant  bit  first. 


The  multiplication  of  an  m-bit  multiplicand  by  an  n-bit  multi- 
plier results  in  an  m  +  n  bit  product.  The  Am25LS14  must  be 
clocked  for  m  +  n  clock  cycles  to  produce  this  two's  comple- 
ment product.  Likewise,  the  n-bit  multiplier  (Y-input)  sign  bit 
data  must  be  extended  for  the  remaining  m-bits  to  complete 
the  multiplication  cycle. 

The  device  also  contains  a  K  input  so  that  devices  can  be  cas- 
caded for  longer  length  X  words.  The  sum  (S)  output  of  one 
device  is  connected  to  the  K  input  of  the  succeeding  device 
when  cascading.  Likewise,  a  mode  input  (M)  is  used  to  indicate 
which  device  contains  the  most  significant  bit.  The  mode  input 
is  wired  HIGH  or  LOW  depending  on  the  position  of  the  8-bit 
slice  in  the  total  X  word  length. 


LOGIC  DIAGRAM 


E       0  E  Q 


A3  A2 
OH  AND  REGISTERS 


CONNECTION  DIAGRAM 
Top  View 


2 

x2  [Z  3 

cp  {2  ' 


i  □  vCc 

15  ^T  Y 

M  □  X„ 

13  □  X5 

12  □  X6 

" 

9  □  M 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


11    12    13    14     2     3     4  5 

I  I   I  1  I  I   I  I 


x7    x6  x5  x4  x3  x2  x1  x0 


VCC  -  Pin  16 
GND  =  Pin  8 
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Am25LS385  •  Am54LS/74LS385 

Quad  Serial  Adder/Subtractor 


LS385  is  Texas  Instruments'  planned 
second  source  to  Advanced  Micro 
Devices'  Am25LS15. 

See  Am25LS15  data  sheet  for  full 
information. 


FUNCTIONAL  DESCRIPTION 

The  Am25LS15  is  a  serial  two's  complement  adder/subtractor 
designed  for  use  in  association  with  the  Am25LS14  serial/ 
parallel  two's  complement  multiplier.  This  device  can  also  be 
used  for  magnitude  only  or  one's  complement  addition  or 
subtraction. 

Four  independent  adder/subtractors  are  provided  with  com- 
mon clock  and  clear  inputs.  The  add  function  is  A  plus  B  and 
the  subtract  function  is  A  minus  B.  The  clear  function  sets  the 
internal  carry  function  to  logic  zero  in  the  add  mode  and  to 
logic  one  in  subtract  mode.  This  least  significant  carry  is  self 
propagating  in  the  subtract  mode  as  long  as  zeroes  are  applied 
to  the  A  and  B  inputs  at  the  LSB's.  All  internal  flip-flops 
change  state  on  the  LOW-to-HIGH  clock  transition. 

The  Am25LS15  is  particularly  useful  for  recursive  or  non- 
recursive  digital  filtering  or  butterfly  networks  in  Fast  Fourier 
Transforms. 


LOGIC  DIAGRAM 
(One  of  Four  Similar  Functions) 


CONNECTION  DIAGRAM 
Top  View 


VCC    F4     S«     »4     »«     "3     "3     s3  f3 

nnnnnnnnnn 


A,     B,     S,     F«  CLR 


1       23456789  10 

uuuuuuuuuu 

CP      F  i      S,      B,      A,     A?      B2      S3      F?  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


5    4    3       6  7 


15  14  13      16  17 


*1  Bl 

S,     A2  B2  S2     A3  B3  S3     A4  B4  S4 

CLOCK 

Am25LS15 

QUAD  ADDER/SUBTRACTOH 

CLEAR 

F,            F2           F3  F„ 

VCC  =  Pin  20 
GND  =  Pin  10 
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Am25LS388  •  Am54LS/74LS388 

Quad  D  Register  with  Standard  and  Three-State  Outputs 


The  'LS388  is  Texas  Instruments' 
planned  second  source  to  Advanced 
Micro  Devices  Am25LS2518. 

See  Am25LS2518  data  sheet  for  full 
information. 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2518  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock.  Information  meeting  the  set-up  and 
hold  requirements  on  the  D  inputs  is  transferred  to  the  Q 
outputs  on  the  LOW-to-HIGH  transition  of  the  clock. 

The  same  data  as  on  the  Q  outputs  is  enabled  jrt  the  three- 
state  Y  outputs  when  the  "output  control"  (OE)  input  is 
LOW.  When  the  OE  input  is  HIGH,  the  Y  outputs  are  in  the 
high-impedance  state. 

The  Am25LS2518  is  a  4-bit,  high-speed  register  intended  for 
use  in  real-time  signal  processing  systems  where  the  standard 
outputs  are  used  in  a  recursive  algorithm  and  the  three-state 
outputs  provide  access  to  a  data  bus  to  dump  the  results  after 
a  number  of  iterations. 

The  device  can  also  be  used  as  an  address  register  or  status 
register  in  computers  or  computer  peripherals. 

Likewise,  the  Am25LS2518  is  also  useful  in  certain  display 
applications  where  the  standard  outputs  can  be  decoded  to 
drive  LED's  (or  equivalent)  and  the  three-state  outputs  are  bus 
organized  for  occasional  interrogation  of  the  data  as  displayed. 


LOGIC  DIAGRAM 


LOGIC  SYMBOL 


t         4        12  15 


-°0 


D„       D,       D2  D3 


Q0  O,  Q2  03  Y„  Y,    Yj  Y3 


Be  — ofc>- 


2     5    11    14     3     6    10  13 


Vcc  -  Pin  16 
GND  =  Pin  8 


CONNECTION  DIAGRAM 
Top  View 


VCC   D3    °3     Y3     D2    Q2     Y2  CP 

nnnnnnnn 

16      15      14      13      12      11      10  9 


1       2       3       4      5      6       7  8 

uuuuuuuu 

D0     °0     Y0     °1     °1     Y1     OE  GND 


Note:  Pin  1  is  marked  for  orientation. 
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Am25LS399 •  Am54LS/74LS399 


Quad  Two-Input  Register 


DISTINCTIVE  CHARACTERISTICS 

•  Four-bit  register  accepts  data  from  one  of  two  4-bit 
input  fields 

•  Positive,  edge-triggered  clock 

•  Am25LS  devices  offer  the  following  improvements  over 
Am54/74LS 

—  Higher  speed 

—  50mV  lower  Vol  at  'OL  =  8mA 

—  Twice  the  fan-out  over  military  range 

—  44G>A  source  current  at  HIGH  output 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS399  and  Am54LS/74LS399  are  dual  input 
port,  four-bit  registers  built  using  advanced  Low-Power 
Schottky  processing.  The  registers  consist  of  four  D-type 
flip-flops  with  a  buffered  common  clock.  Each  flip-flop  has 
a  two-input  multiplexer  at  its  data  input  such  that  it  can  be 
loaded  with  incoming  data  from  one  of  two  sources.  A 
buffered  common  select  line,  S,  controls  the  four  2-input 
multiplexers. 

Data  on  the  four  inputs  selected  by  the  S  line  is  stored  in 
the  four  flip-flops  on  the  LOW-to-HIGH  transition  of  the 
clock.  When  the  S  input  is  LOW,  the  D|a  input  data  will  be 
stored  in  the  register.  When  the  S  input  is  HIGH,  the  DjB 
input  data  will  be  stored  in  the  register. 

The  Am54LS/74LS399  is  a  standard  performance  version  of 
the  Am25LS399.  See  appropriate  electrical  characteristic 
tables  for  detailed  Am25LS  improvements. 


LOGIC  DIAGRAM 


— 


CONNECTION  DIAGRAM 
Top  View 


VCC    Q3    D3A  °3B  D2B  D2A    °2  cp 

nnnrinnnn 

16     15      14      13     12      11      10  9 


12       3       4       5       6       7  8 

uuuuuuuu 

S      do    D0A  Dqq  D,b  Dia    O,  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3       4       6  5 


10  15 


VCC  ■  Pin  16 
GND  =  Pin  8 
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Am25  LS/54  LS/74  LS399 


Am25LS399 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COWL     TA  =  0°C  to  +70°C  VCC  =  5.0V*5%         MIN.  =4. 75V  MAX.  =  5.25V 

MIL  TA  =  -55°C  to  +125°C        Vcc  =  5.0  V  ±  10%       MIN.  -4.50  V  MAX.  -5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1 ) 


Typ. 

Min.  (Note  2) 


Max. 


Units 


vOH 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  PI  -440  (iA 
VIN  "  VIH  or  VIL 

MIL 

2.5 

3.4 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|H  °r  V|L 

'OL  =  4.0mA 

0.4 

Volts 

Iql  ■  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  '  "IN..  hN=  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  "  MAX.,  V|N  =0.4V 

Clock 

-0.36 

mA 

Others 

-0.24 

■|H 

Input  HIGH  Current 

VCC  «  MAX.,  V|N  =  2.7  V 

Clock 

20 

MA 

Others 

14 

l| 

Input  HIGH  Current 

VCC  =  MAX.,  V|fj  =  7.0V 

0.1 

mA 

!SC 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

■cc 

Power  Supply  Current 
(Note  4) 

VCC  "  MAX. 

11 

18 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Measured  with  select  and  clock  inputs  at  4.5  V,  all  data  inputs  at  0  V,  all  outputs  open. 


,  all  ou 


Am25LS  •  Am54LS/74LS 
MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 
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Am25  LS/54  LS/74  LS399 


Am54LS/74LS399 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to  +70°C  VCC-5.0V±5%         MIN.  =  4.75V  MAX.  =  5.25  V 

MIL  TA  =  -55°C  to +125°C        Vcc  -  5.0 V  1 1 0%       MIN.-  4.50V  MAX.  =  5.50 V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


VOH 

( 

)utput  HIGH  Voltage 

VCC  =  MIN.,  Iqh  =  -JlOOuA 
vIN  =  vIH°r  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

Vol 

( 

)utput  LOW  Voltage 

Vcc  =  MIN. 

V,N  =  V|Hor  V|L 

All,  l0L  =  4.0mA 

0.4 

Volts 

74LS  only,  Iql  »  8.0mA 

0.5 

V|H 

I 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

1 

nput  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

1 

nput  Clamp  Voltage 

Vcc  =MIN.,  I|N  -  -18mA 

-1.5 

Volts 

'IL 

1 

nput  LOW  Current 

VCC  *  MAX.,  V|N  =  0.4  V 

-0.4 

mA 

"IH 

1 

nput  HIGH  Current 

VCC  =  MAX.,  V|N  »  2.7V 

20 

»iA 

•l 

1 

nput  HIGH  Current 

VCC  «  MAX.,  V,N  =  7.0V 

0.1 

mA 

'sc 

Output  Short  Circuit  Current 
Note  3) 

VCC  =  MAX. 

—  15 

-100 

mA 

ice 

'ower  Supply  Current 
Note  4) 

Vcc  =  MAX. 

1  1 

1  8 

mA 

Notes:  1 .   For  co 

2.  TvP'ca 

3.  Not 

4.  Mea 


ditions  shown  as  MIN.  or  MAX .,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type, 
limits  are  at  VCc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

re  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second, 
id  with  select  and  clock  inputs  at  4.5  V,  all  data  inputs  at  0  V,  all  outputs  open. 


FUNCTION  TABLE 


SELECl 

CLOCK 

DATA 

INPUTS 

OUTPUT 

S 

CP 

DiA 

DiB 

°i 

L 

t 

L 

X 

L 

L 

t 

H 

X 

H 

H 

t 

X 

L 

L 

H 

t 

X 

H 

H 

H  -  HIGH 
X  =  Don't 
t  -  LOWto- 


Voltage  Level 
C  re 

HIGH  Transition 


L  =  LOW  Voltage  Level 
i    =  0,  1,  2.  or  3 


DEFINITION  OF  FUNCTIONAL  TERMS 

DrjA.  D1  A.  D2A-  D3A  The  "A"  word  into  the  two-input 
multiplexer  of  the  D  flip-flops. 


Dob,  Die.  D2b.  D3B  The  "B 
multiplexer  of  the  D  flip-flops. 


word  into  the  two-input 
The  outputs  of  the  four  D-type  flip-flops  of 


Q0,  Qi,  Q2.  Q3 

the  register. 

S  Select.  When  the  select  is  LOW,  the  A  word  is  applied  to 
the  D  inputs  of  the  flip-flops.  When  the  select  is  HIGH  the  B 
word  is  applied  to  the  D  inputs  of  the  flip-flops. 

CP  Clock  Pulse.  Clock  pulse  for  the  register.  Enters  data  on 
the  LOW-to-HIGH  transition  of  the  clock  line. 
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Am25  LS/54  LS/74  LS399 


SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 
Parameters  Description 

Am25LS 
Min.       Typ.  Max. 

Am54LS/74LS 
Min.       Typ.  Max. 

Units         Test  Conditions 

'PLH 

Clock  to  Output 

13 

20 

18 

27 

CL  =  15pF 
Ft[_  "  2.0kSi 

«PHL 

13 

20 

21 

32 

tpW 

Clock  Pulse  Width 

17 

20 

ns 

tS 

Data 

20 

20 

ns 

th 

Data 

5.0 

5.0 

ns 

>s 

Select 

30 

30 

ns 

«h 

Select 

0 

0 

ns 

'max 

Maximum  Clock  Frequency  (Note  1 ) 

40 

65 

30 

40 

MHz 

Note  1 .  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  contraints  on  tr,  tf, 
pulse  width  or  duty  cycle. 


Am25LS  ONLY 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Am25LS  COM'L 

Am25LS  MIL 

Ta  =  0°Cto  +70°  C 
VCC  =  5.0V  ±5% 

TA  =  -55°Cto+125°C 
VCC  =  5.0V  ±10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

•PLH 

Clock  to  Output 

30 

35 

ns 

«PHL 

30 

35 

tpW 

Clock  Pulse  Width 

26 

30 

ns 

«s 

Data 

30 

35 

ns 

CL  =  50pF 
RL  =  2.0kU 

'h 

Data 

11 

12 

ns 

«s 

Select 

43 

50 

ns 

th 

Select 

4 

5 

ns 

'max 

Maximum  Clock  Frequency  (Note  1 ) 

30 

26  j 

M  H  .■ 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS/54LS/74LS399 


Am25LS  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direct 


Metallization  and  Pad  Layout 


'3  D3B 
12  D2B 


  10  Q2 


DIE  SIZE  0.075"  X  0.061' 


APPLICATION 


DOA  DtA  C>2A  D3*  D°B  D26  *>28 


a0  0,  Q? 


i    i  r 


°0A  OlA  <*2A  "3A  ^OB  °)8  °2B  ' 


Oq  Oi  Oj  Q3 


DOA  DiA  »2A  »3A  °0B  01a  D2B  DM 


Qq  Q)  q2  03 

i    1    1  r 


Am25LS399  used  to  store  a  word  from  either  data  bus  A  or  data  bus  B. 
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Am54LS/74LS424 

Clock  Generator  and  Driver  for  8080A  Compatible  Microprocessors 


The  SN54LS/74LS424  is  Texas  Instruments 
second  source  part  number  to  the  AMD/Intel 
8224  device. 

See  the  current  issue  of  the  Am8224  data 
sheet  for  full  information. 
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Am54LS/74LS568  •  Am54LS/74LS569 

Four-Bit  Up/Down  Counters  with  Three  State  Outputs 


The  54LS/74LS568  and  54LS/74LS569  are 
other  manufacturers  alternate  source  part 
numbers  to  the  Advanced  Micro  Devices' 
Am25LS2568  and  Am25LS2569. 

See  the  Am25LS2568  and  Am25LS2569  data 
sheets  for  full  information. 
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Am54LS/74LS668*Am54LS/74LS669 

Synchronous  Up/Down  Decade  and  Binary  Counters 


The  SN54LS/74LS668  and  SN54LS/74LS669  are 
reduced  speed  versions  of  the  54LS/74LS168A 
and  54LS/74LS169A. 


ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L  TA  =  0-C  to  +70°C  Vcc  =  5.0V  ±5%  MIN.  =  4.75V  MAX.  =  5.25V 
MIL  TA  =  -55°C  to  +125°C    Vcc  =  5.0V  ±10%      MIN.  =  4.50V    MAX.  =  5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

DC  Characteristics  are  the  same  as  the  54LS/74LS168A  and  54LS/74LS169A  devices. 


SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  Vcc  =  5.0V) 

Am54LS/74LS 

Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

'PLH 

Clock  to  Ripple  Carry 

26 

40 

ns 

'PHL 

40 

60 

'PLH 

Clock  to  any  Q 

18 

27 

ns 

'PHL 

18 

27 

'PLH 

Enable  T  to  Ripple  Carry 

11 

17 

ns 

'PHL 

29 

45 

tpLH 

Up/Down  to  Ripple  Carry 

22 

35 

ns 

CL  =  15pF 
RL  =  2.0W1 

>PHL 

26 

40 

tpw 

Clock  Pulse  Width 

25 

ns 

A,  B,  C,  D 

20 

ns 

Set-up 

EN  P,  EN  T 

20 

h 

Load 

25 

ns 

Up/Down 

30 

Hold,  any  Input 

0 

ns 

fmax(Note  1) 

Maximum  Clock  Frequency 

25 

MHz 

Note  1.  Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse 
width  or  duty  cycle. 


Three-state  output,  20-pin  versions  are  also 
available  as  the  Am25LS2568  and 
Am25LS2569. 
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Am25LS670  •  Am54LS/74LS670 

4-By-4  Register  File  with  3-State  or  Open  Collector  Outputs 


Am25LS670  •  Am54LS/74LS670  data 
is  combined  with  the  Am25LS  170. 

See  Am25LS170  data  sheet  for  full 
information. 


Ti 


11)  Dj  ^ 


FUNCTIONAL  DESCRIPTION 

The  Am25LS170  and  670  are  16-bit  low-power  Schottky 
register  files.  The  file  is  organized  as  4  words  of  4-bits  each 
with  separate  on-chip  address  decoding  for  read  and  write. 
This  permits  simultaneous  read  and  write  operations  either  to 
the  same  or  different  addresses. 

Four  data  inputs  are  used  to  supply  the  4-bit  data  word  to  be 
stored.  The  W/\  and  Wg  inputs  supply  the  write  address  while 
the  Gyy  supplies  the  write  enable.  Four  data  outputs  (On.  to 
O3)  are  selected  from  data  word  cells  by  the  R/\  and  Hq 
address.  The  output  is  available  if  the  read  enable  Gr  is  LOW. 
The  register  file  performs  a  non-destructive  readout.  The 
Am25LS170  has  open  collector  output  for  convenience  of 
collector  ORing  while  the  Am25LS670  provides  three-state 
outputs  for  bus  selection. 


The  Am54LS/74LS170  and 
versions  of  the  Am25LS160  i 
characteristic  tables  forj 


LOGIC  DIAGRAM 


standard  performance 
appropriate  electrical 
mprovements. 


tr 


Tr 


Tj 


OUTPUTS 
LSI  70  OC 
LS670  3  STATE 


114)  WA- 
(13)  W8_ 


(12)  Gw_ 
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Am25LS2513 

Three-State  Priority  Encoder 





DISTINCTIVE  CHARACTERISTICS 

•  Encodes  eight  lines  to  three-line  binary 

•  Expandable 

•  Cascadable 

•  Three  State  inverted  output  version  of  Am54LS/74LS/ 
25LS148 

•  Gated  three-state  output 

•  Advanced  Low-Power  Schottky  processing 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 














FUNCTIONAL  DESCRIPTION 

The  Am25LS2513  Low-Power  Schottky  Priority  Encoder 
performs  priority  encoding  of  8  inputs  to  provide  a  binary- 
weighted  code  of  the  priority  order  of  the  3  tri-state  active 
HIGH  outputs  An.,  A-|,  A2.  Three  active  LOW  and  two  active 
HIGH  inputs  in  AND-OR  configuration  allow  control  of  the 
tri-state  outputs.  The  use  of  the  input  enable  (Ell  combined 
with  the  enable  output  (EO)  permits  cascading  without  addi- 
tional circuitry.  Enable  input  (El)  HIGH  will  force  all  outputs 
LOW  subject  to  the  _tri-state  control.  The  enable  output  is 
LOW  when  all  inputs  In,  through  I7  are  HIGH  and  the  enable 
input  is  LOW. 


LOGIC  DIAGRAM 


CONNECTION  DIAGRAM 
Top  View 


Vcc    E0     'o      '3      '2     '1     G5    G2     Gl  G3 

nnnnnnnnnn 

20      19      18      17      16      15      14      13      12  11 


uuuuuuuuuu 

l4       >S       >6       h      El      A2     4 1      »0     G4  GND 

Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


15   16    17    1     2     3  4 
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Am25LS2513 

Am25LS2513 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L      TA  =  0°C  to  +70° C  Vcc  =  5.0Vt5%         MIN.  -4.75  V  MAX.  -5.25  V 

MIL  TA  =  -55°  C  to  +125° C       VCC  =  5.0V±10%       Ml  N.  =  4.50 V  MAX.  -  5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Typ. 


Parameters 

Qpsrri  ntinn 

Test  Conditions  (Note  D 

Min. 

(Note  2) 

Max. 

Units 

MIL,  lOH  = -1.0mA 

2.4 

3.4 

V0H 

Output  HIGH  Voltage 

Vcc  -  MIN. 

COM'L,  l0H  "  -2.6mA 

2.4 

3.2 

Volts 

VIN  "  V|H  or  VIL 

E°.  IQH  =  -440uA 

MIL 

2.5 

3.4 

COM'L 

2.7 

3.4 

VCC  =  MIN- 

V|N  =  V|HorV|L 

lOL  "  4.0mA 

0.4 

vol 

uutput  luw  voltage 

lOL  =  8.0mA 

0.45 

volts 

Iql  =  12mA(An  Outputs) 

0.5 

v,h 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  - 

-18mA 



-1.5 

Volts 

'lL 

Input  LOW  Current 

VCC  =  MAX. 

EI.Gi  ,G2,G3,G4,G5,Iq 

0.4 

mA 

V|N  =  0.4V 

All  others 

0.8 

<IH 

Input  HIGH  Current 

VCC  -  MAX. 

EI,Gi,G2,G3,G4,G5,To 

20 

*A 

V|N  =2.7V 

All  others 

40 

Input  HIGH  Current 

VCC  =  MAX. 

EI,Gi,G2,G3,G4,G5.To 

0.1 

mA 

■l 

V|N-7.0V 

All  others 

0.2 

'0 

Off-State  (High-Impedance) 

VCC  =  MAX. 

V0  -  0.4V 

-20 

mA 

Output  Current 

V0  -  2.4V 

20 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  -  MAX. 

15 

24 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  All  inputs  and  outputs  open. 


Am25LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature 

(Ambient)  Under  Bias 

-55°C  to  +125°C 

Supply  Volts 

ge  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5  V  to  +7.0  V 

DC  Output  C 

urrent.  Into  Outputs 

30  mA 

DC  Input  Cu 

rrent 





-30  mA  to  +5.0  m A 
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Am25LS2513 


SWITCHING  CHARACTERISTICS 

<Ta  =  +25°C,  VCC  =  5.0V) 

Parameters  Description  Min.  Typ.  Max.  Units  Test  Com 


'PLH 

1;  to  An  (In-phase) 

17 

25 

ns 

C[_  =  1 5pF 
R|_  =  2.0kfi 

tPH  L 

17 

25 

tPLH 

lj  to  An  (Out-phase) 

11 

17 

ns 

tPH  L 

12 

18 

l~to  EO 

7.0 

1 1 

ns 

 1 

*PH  L 

24 

36 

tPLH 

El  to  EO 

11 

17 

ns 

*PH  L 

23 

34 

tp[_n 

El  to  An 

12 

18 

ns 

lPH  L 

1 4 

21 

tZH 

G"|  or  G2  to  An 

23 

40 

ns 

«ZL 

20 

37 

tZH 

G3,  G4,  G5  to  An 

20 

30 

ns 

<ZL 

18 

27 

«HZ 

G1  or  G2  to  An 

17 

27 

ns 

CL  =  5.0pF 
Ru  =  2.0kn 



'LZ 

19 

28 

tHZ 

G3.  G4.  GS  to  An 

16 

24 

ns 

«L2 

18 

27 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Am25LS  COM'L 

Am25LS  MIL 

TA  =  0°C  to  +70°C 
VCC  =  5.0V  ±5% 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V±10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

«PLH 

I,  to  An  (In-phase) 

31 

37 

ns 

tPHL 

30 

34 

tPLH 

lj  to  An  (Out-phase) 

22 

27 

ns 

♦PHL 

22 

25 

tPLH 

Tj  to  EO 

15 

18 

ns 

'PHL 

48 

60 

tPLH 

El  to  EO 

19 

21 

ns 

CL  =  50pF 

'PHL 

•46 

57 

RL=  2.0kfi 

'PLH 

El  to  An 

22 

25 

ns 

tPHL 

27 

32 

tZH 

Gi  or  G2  to  An 

42 

49 

ns 

*ZL 

43 

49 

tZH 

S3.  Q4.  G5  t°  An 

36 

43 

ns 

tZL 

35 

43 

tHZ 

G1  or  Gj  to  An 

34 

40 

ns 

•LZ 

34 

40 

CL  =  5.0pF 

tHZ 

G3.  G4.  G5  to  An 

30 

35 

ns 

RL  =  2.0kf! 

«LZ 

31 

35 

"AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 

Note:  i  =  0  to  7 
n  =  0  to  2 
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Am25LS2513 


DEFINITIONS  OF  FUNCTIONAL  TERMS 


AO,  A1 
El 

EO 

&1.G2 
G3,  G4 
lfJ-7 


A2     Three-state,  active  high  encoder  outputs 

Enable  input  provided  to  allow  cascaded  oper- 
ation 

Enable  output  provided  to  enable  the  next  lower 
order  priority  chip 

Active  high  three-state  output  controls 
G5     Active  low  three-state  output  controls 
Active  low  encoder  inputs 


TRUTH  TABLE 


Inputs 

Output; 

El    In    h    r2    l3    l4    l5    l6  I7 

A0     A,      A2  EO 

HXXX  XXXXX 
LHHHHHHHH 
LXXXXXXXL 
LXXXXXXLH 
LXXXXXLHH 
LXXXXLHHH 
LXXXL  HHHH 
LXXLHHHHH 
LXLHHHHHH 
LLHHHHHHH 

L         L         L  H 
L        L        L  L 
HHHH 
L         H        H  H 
H         L         H  H 
L         L         H  H 
H         H         L  H 
L        H        L  H 
H        L        L  H 
L         L         L  H 

H  -  HIGH  Voltage  Level 
L  -  LOW  Voltage  Level 
X  =  Don't  Care 

For        =  H,  G2  =  H,  G3  =  L,  G4  =  L,  G5  =  L 


G1     G2     G3     G4  G5 

A0     A7  A2 

H        H         L         L  L 
L         X        X        X  X 
X         L         X         X  X 
X         X         H        X  X 
X         X        X         H  X 
X          X          X          X  H 

Enabled 

z      z  z 
z      z  z 
z      z  z 
z      z  z 
z      z  z 

Z  -  HIGH  Impedance 


Metallization  and  Pad  Layout 


DIE  SIZE  0.082  X0.085 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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64  Input  Priority  Encoder  Connected  for  Parallel  Enable 
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Am25LS2513 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am25LS2513 
Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0Cto+70C  AM25LS2513PC 

0°Cto+70°C  AM25LS2513DC 

0°Cto+70°C  AM25LS2513XC 

-55°Cto +125°C  AM25LS2513DM 


-55  Cto  +125  C 
-55°Cto+125°C 


AM25LS2513FM 
AM25LS2513XM 


PRIORITY  ENCODED  RST  INTERRUPT 
INSTRUCTION  FOR  THE  Am9080A 


ACTIVE 
LOW 

INTERRUPTS 


TO9080A  INT  ■ 


+5.0V  ■ 
INTA  F ROM  8228  ■ 


Ei  Q4 

05 

To 

Ao 

h 

Al 

h 

Am25LS2513 

k 

"ie 
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Am25LS2516 

Eight-Bit  By  Eight-Bit  Serial/Parallel  Multiplier  with  Accumulator 


DISTINCTIVE  CHARACTERISTICS 


Two's  complement,  two-bit  lookahead  carry-save  arithmetic 
Microprogrammable  —  four-bit  instruction  code  for  load, 
multiply,  and  read  operations 

Cascadable,  two  devices  perform  full  16-bit  multiplication 

without  additional  hardware 

Eight-bit  byte  parallel,  bidirectional,  bussed  I/O 

On-chip  registers  and  double  length  accumulator 

Overflow  indicator 

Three-state  shared  bus  input/output  lines 

High-speed  architecture  provides  clock  rates  of  20MHz(Typ) 

100%  product  assurance  screening  to  M I L-STD-883 

requirements 


LOGIC  SYMBOL 


36  — 

BUSO 

'o 

—  33 

3  — 

BUS  1 

'l 

—  32 

37  — 

BUS  2 

'2 

—  31 

2  — 

BUS  3 

'3 

—  27 

38  — 

BUS  4 

OE 

—  28 

BUS  5 

MSP 

— 15 

39  — 

BUS  6 

LSP 

— 23 

40  — 

BUS  7 

Y1 

— 17 

11  — 

*7 

yo 

— 16 

10  — 
12  — 

vcc  x-i 

Am25LS2516 
GND  GND 

—  22 

—  30 

26  — 

CLK 

"OVFL 

—  34 

19  — 

SUM  IN  ODD 

SUM  OUT  ODD 

—  21 

18  — 

SUM  IN  EVEN 

SUM  OUT  EVEN 

—  20 

5  — 

ACCUH  IN  ODD 

ACC  UH  OUT  ODD 

—  4 

6  — 

ACCUH  IN  EVEN 

ACCUH  OUT  EVEN 

—  36 

7  

ACC  LH  IN  ODO 

ACC  ADD  OUT  ODD 

—  25 

8  — 

ACC  LH  IN  EVEN 

ACC  ADD  OUT  EVEN 

—  24 

13  — 

YR  1NODD 

YrOUTODD 

—  9 

14  — 

Yn IN  EVEN 

YrOUTEVEN 

—  29 

MPR-338 


BUS  5 
BUS  3 
BUS  1 

ACC  UH  OUT  ODD  d 
ACC  UH  IN  ODD  d 
ACC  UH  IN  EVEN  ZZ 

ACC  LH  IN  ODD  ( 
ACC  LH  IN  EVEN  | 
YrOUTODD  | 
VCC  I 
X7  I 
GND  | 
VH  IN  ODO  | 
YrINEVEN  I 
MSP  | 
V0  I 
Y1  I 

SUM  IN  EVEN  | 
SUM  IN  ODD  | 
SUM  OUT  EVEN  I 


CONNECTION  DIAGRAM 


Am25LS2516 


22 


40   3  BUS  7 

ZJ  BUS  6 
BUS  4 

ZJ  BUS  2 

ZJ  BUSO 

Z3  ACC  UH  OUT  EVEN 

ZJ  OVFL 

lo 

l2 

GNO 

ZJ  YrOUTEVEN 

Z3  oe 

13 

CLK 

ACC  ADD  OUT  ODD 
ZJ  ACC  ADD  OUT  EVEN 

23 


SUM  OUT  ODD 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2516  is  an  eight-bit  by  eight-bit  multiplier  and 
accumulator  employing  serial/parallel,  two's  complement, 
carry-save  arithmetic  to  deliver  a  16-bit  product  in  eight  clock 
cycles.  The  device  is  fully  cascadable  for  use  in  high-speed, 
real-time,  digital  signal  processing  applications. 

The  device  includes  an  eight-bit  X  Register  prior  to  the  X  latch 
providing  X  hold  for  chain  or  overlapping  calculations.  The  X 
and  Y  registers  are  loaded  by  clocking  prior  to  the  beginning 
of  a  multiply  cycle,  the  data  supplied  by  the  bidirectional  bus 
or  the  accumulator  register.  The  double  length,  16-bit  output 
is  multiplexed  onto  the  eight-bit  bus;  either  the  upper  or  lower 
halves  of  the  result  can  be  read  at  any  one  time. 

The  accumulator  and  the  Y  register  are  both  organized  as  dual- 
rank  shift  registers,  allowing  them  to  shift  two  bits  at  a  time. 
The  serial  inputs  and  outputs  of  the  Y  register,  the  low  and 
high  order  halves  of  the  accumulator  and  the  two-bit  serial 
accumulator  adder  output,  both  serially  and  in  parallel,  are  all 
available  at  external  pins  to  provide  cascadability. 


LOGIC  DIAGRAM 


3-205 


Am25LS2516 


Am25LS2516 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA=0°Cto+70°C  Vcc  =  5.0V  ±5%        MIN.  =  4.75V      MAX.  =  5.25V 

MIL         TA  =  -55°C  to  +125°C      VCC  =  5.0V±10%      MIN.  =  4.50V      MAX.  -  5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 
(Bus  Inputs/Outputs) 

Parameters  Description  Test  Conditions  (Note  i) 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 

V,N  =  V|H  or  V|L 

'OH  =  ~1  -0mA 

2.4 

Volts 

Vol 

Output  LOW  Voltage 

VCc  *  MIN- 
V|N=V|HorV|L 

Iql  =  4.0mA 

0.4 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Irfput  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  -  -18mA 

-1.5 

Volts 

"IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N=  0.4  V 

-0.8 

mA 

l|H 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7  V 

60 

XA 

■l 

Input  HIGH  Current 

Vcc    MAX.,  V|N  =  5.5V 

0.2 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX- 

-30 

-100 

mA 

(Non-Bus  In 

puts/Outputs) 

VOH 

Output  HIGH  Voltage 

Vcc  =  MIN. 

V|N  "  VIH  °r  V|L 

I  OH  =  -1.0mA 

2.5 

Volts 

vol 

Output  LOW  Voltage 

VCC  =  MIN- 

V|N  -  V|H  or  V|L 

YROUT,  Iql  "  15mA 

0.5 

Volts 

Others  Iql  =  4.0mA 

0.4 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

Y0.  Yl 

0.8 

Volts 

Others,  MIL 

0.7 

Others,  COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

'IL 

Input  LOW  Current 

VCC  =  MAX.,  V|N  -0.4  V 

See  Table  1 

mA 

>IH 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7V 

See  Table  1 

fA 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  -  5.5V 

See  Table  1 

mA 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  -  MAX. 

-30 

-100 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  =  MAX. 

230 

315 

mA 

Notes:  1 .   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcq  -  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
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TABLE  1 


Torm  i  n  at  c 
1  CI  III  IlldO 

In 
ML 

1 1 H 

1, 

Yin,lo.ll.l3.0E 

0,4mA 

20mA 

0.1mA 

Sum  in,  X_1 ,  I2, 

0.8mA 

40/iA 

0.2mA 

Bus  0-7 

0.8mA 

50/iA 

0.3mA 

CP,  LSP 

1.6mA 

80mA 

0.4  mA 

ACC  in  all 

2.0mA 

120m  A 

0.6mA 

MSP 

2.6mA 

140/n  A 

0.7mA 

7.2mA 

360/iA 

-2.0mA 

SWITCHING  CHARACTERISTICS 

(Ta  =  +25°C,  VCC=5.0V) 

Parameters 


Typ. 


Max. 


Units 


Test  Conditions 


tpHL 

YR  Register  Out 

15 

ns 

CL  =  15pF 
R[_  =  2.0kfl 

tpLH 

12 

tp(-j  L 

Sum  Out 

13 

ns 

tpLH 

13 

tpHL 

ACC  Adder  Out 

20 

ns 

tpLH 

27 

*PHL 

ACC  UH  Out 

13 

ns 

tpLH 

12 

lPHL 

ACC  Bus 

22 

ns 

*PLH 

25 

*PHL 

OVFL 

17 

ns 

tpLH 

16 

tpHL 

x7 

20 

ns 

tpLH 

15 

*ZH 

11 

ns 

tZL 

OE  to  Bus 

8 

tHZ 

28 

ns 

CL  =  5.0pF 
RL  =  2.0kn 

•lz 

22 

*s 

X  Register  (Bus) 

25 

ns 

CL  =  15pF 
RL  =  2.0kn 

*s 

Y  Register  (Bus) 

25 

ns 

ts 

X  -  1 

33 

ns 

*s 

Sum  In 

33 

ns 

ts 

Y  Register  (Serial) 

25 

ns 

«s 

ACC  LH  In 

8 

ns 

»s 

ACC  UH  In 

8 

ns 

ts 

Y  EVEN  and  Y  ODD 

33 

ns 

ts 

Instruction 

ns 

th 

Hold  Time  on  All  Inputs 

5 

ns 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +6.3V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +Vcc  max. 

DC  Input  Voltage  (Pins  5,  6,  7,  8,  18,  19,  26) 

-0.5V  to  +5.5V 

DC  Input  Voltage  (Other  pins) 

-0.5V  to  +7.0V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current 

-30mA  to  +5.0mA 

TIMING  DIAGRAMS 


CP 

13 
it 


I  NOP 

I  0 


HOLD 
LDX  I 


LDY 
CLA 


MPY      MPY      MPY      MPY  MPY 


LDY      MPY      MPY  MPY 


SHIFT 
MPY  MPY 


MPY      MPY      MPY      NOP      RUH      RLH  NOP 


I    2  I 


I  10 


I  12      I   13      I  14      |  15      |  16      I   17      I  18 


|  20      |  21 


jo 

1 

I 

BUS 

r*  1  xi  1  y,  1 2  1  z 

z 

z 

z 

1  X2 

z 

z 

Z 

z 

Z 

Z 

Z 

Z 

Z 

|  Au     |   AL     |  Z  | 

*7 

1    X07   |    X07  i    X07   |    X17   |  X17 

Xl7 

X17 

X17 

|  X,7 

X17    |  X17  | 

X27 

X27 

X27 

X27 

X27 

X27 

X27 

X27 

X27 

|  X27    |   X27    |  X27  | 

Y  OUT  EVEN 

|    Y07       Y07  |    Y07   |    Y,0  Y,2 

V14 

Y16 

Yl7 

Y|7    |  Y17  | 

Y20 

Y22 

Y24 

Y26 

Y27 

Y27 

Y27 

Y27 

Y27 

Y27    |   Y27    |   Y27  | 

Y  OUT  ODD 

|    Y07   |   Y07  |    Y07   |    ¥„    |  Y13 

m 

*n 

Y17 

1  ^ 

Y,7    |  Y17  | 

Y2, 

Y23 

Y25 

Y27 

Y27 

Y27 

Y27 

Y27 

Y27 

|  Y27    |   Y27    |  Y27  ] 

SUM  OUT  EVEN 

V////M///M///M//M  p'o 

P14 

P16 

|  P,8 

1=1 10  |  P112 

Pi  14 

P20 

P22 

P24 

P26 

P28 

P210 

P212 

P214 

SUM  OUT  ODD 

V/////W///W///M///A  11 

P13 

Hs 

Hi 

|  P,9 

P111   |  P113  | 

P115 

P21 

P23 

P25 

P27 

P29 

P211 

P213 

P215 

ACCADD  OUT  EVEN 

V////M///M////W///A  *« 

A12 

A14 

A16 

A18 

*110     A1l2  | 

A114 

A20 

A22 

A24 

A26 

A28 

A210 

A212 

A214 

ACC  ADD  OUT  ODD 

Y/////W///M///M///A  A" 

A13 

*15 

Al7 

A,9 

Am  |  A113  | 

A115 

A21 

A23 

A25 

A27 

A29 

A211 

A213 

A215 

y//M////mm 

ACC  UH  OUT  EVEN 

I  Aos  |  A08   A08  |  A08  0 

0 

0 

0 

A,0 

A12       A14  | 

A16 

Al8 

Alio 

A112 

A114 

A20 

A22 

A24 

A26 

|  A28       A28    |  A28  | 

ACC  UH  OUT  ODD 

|   A09   |   A09  1    A09   |    A0g  0 

0 

0 

0 

|  A„ 

A13       A15  | 

A17 

A19 

Am 

A113 

A115 

A21 

A23 

A25 

A27 

|  A29       A29    |  A29  | 

OVFL 

|  H   |  Fo  [  H   1  *t   |  0 

0 

0 

0 

1  ° 

0        |0  | 

0 

Fl 

Ft 

Fl 

fl 

Fl 

Fl 

Fl 

|  F2     |   F2      |  F2  | 

LOAD  X 
LOAD  Y 
STROBE  X 
TCT 

SHIFT  ACC 
CLEAR  ACC 
MUX 
OEN 
OVFLEN 


J  L 


CSAV  ACC 

V////M//A 

V////A 

W/A 

1 

I  C,2 

C14 

Cl6 

Die 

ClIO  I  C112 

C114 

1    1 C22 

C24    |  C26 

C28 

C210 

C212  |  C214 

V////M//W//M 

A,4 

I  A014  |  A014 

A014 

A014 1 

0 

1  A10 

A12 

A14 

A16 

A18  A,io 

A112 

A114  A20 

|  A22    |  A24 

A26 

A28 

|  A210  |  A212 

A214  |  A214  A2|4 

A15 

1  A0i5  |  A0i5 

I  A015 

A015 1 

0 

1  An 

A13 

A15 

A17 

A19    |  Am 

A113 

Al  IS  A2i 

|  A23    |  A25 

A27 

A29 

|  A211  |  A213 

A215  |  A215  |  A215  | 

A6 

|  A06  |  A06 

|  Aoe 

Aoe  | 

0 

1  0 

0 

0 

0 

A10  A12 

A14 

Al6    |  A18 

I  Ano  |  A112 

A114 

A20 

|  A22    |  A24 

A26    |  A26    |  A26  | 

A5 

j  A07    |  A07 

A07 

A07  | 

0 

1  0 

0 

0 

0 

All        A, 3 

A15 

Al7    |  A19 

|   A1n  |  A,,3 

Al  15 

A21 

A23    |  A25 

A17    |  A27    |  A27  | 

AO 

|  Aoo    |  Aoo 

Aoo 

AOO  | 

0 

1  0 

0 

0 

0 

0  0 

0 

A10    |  A12 

1  A,4    |  A16 

*18 

Alio 

»11!  |  *114 

A20    |  A20    |  A20  | 

Al 

|  Aoi     |  A01 

A01 

A01  | 

0 

1  0 

0 

0 

0 

0  |0 

0 

An     |  A13 

|  A15    |  A17 

Aig 

Am 

An3  |  A115 

A21     |  A21     |  A21  | 

KEY: 

'^0^/r  Data  invalid 


Note:  Variables  shown  are  general. 
For  this  example: 

Pl-Xl*1     A,=P!  F,=0 

P2=X2Y2  A2-PT+P2 


CO 
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FUNCTION  TABLE 


Mnemonic 

13  >2  h  '0 

Function 

CLR 
M 

LOAD 
X 

LOAD 
Y 

XFER 
X 

CLR 
A* 

SHFT 
A 

MUX 

OE 

Remarks 

YLHC 

0  0  0  0 

LHA  -*  Y,  XFER  X,  CLR  A 
CLR  M,  READ  OVFL 

1 

0 

1 

1 

0 

0 

0 

1 

YUHC 

0  0  0  1 

UHA  -»  Y,  XFER  X,  CLR  A 
CLR  M,  READ  OVFL 

1 

0 

1 

1 

0 

0 

1 

1 

YLHA 

0  0  10 

1  HA  -+  Y  XFFR  X 
CLR  M,  READ  OVFL 

1 

0 

1 

1 

1 

0 

0 

1 

YUHA 

0  0  11 

UHA  -»  Y,  XFER  X 
CLR  M,  READ  OVFL 

1 

0 

1 

1 

1 

0 

1 

1 

LYCA 

0  10  0 

1  HAD  Y  XFFR  X 
CLR  A,  CLR  M 

1 

0 

1 

1 

0 

0 

0 

0 

Ss  me  Func. 
as  0101 

LYCA 

0  10  1 

CLR  A 

LOAD  Y,  XFER  X,  CLR  M 

1 

0 

1 

1 

0 

1 

1 

0 

Same  Func, 
as  0100 

LYHA 

0  110 

LOAD  Y  XFER  X 
HOLD  A,  CLR  M 

1 

0 

1 

1 

1 

0 

0 

0 

LYSA 

0  111 

inAnV  YFFR  Y  QM  1  FT  A 
LUnU  1  ,  Ar  C  n  A,  On  lr  1  n 

CLR  M,  MULTIPLY 

1 

0 

1 

1 

1 

1 

1 

0 

r\\i  c  1  cm 
UVr  L t IN  In 

Next  State 

RLHA 

10  0  0 

□  CAn  1  u  a 
n  tAU  LHA 

READ  OVFL 

0 

0 

0' 

0 

1 

0 

0 

1 

RUHA 

10  0  1 

DC  AH  1  IMA 

n  lhu  u  n  m 
READ  OVFL 

0 

0 

0 

0 

1 

0 

1 

1 

XLHA 

10  10 

LHA  ->  X 
READ  OVFL 

0 

1 

0 

0 

1 

0 

0 

1 

XUHA 

10  11 

UHA  ~*  X 
READ  OVFL 

0 

1 

0 

0 

1 

0 

1 

1 

NOOP 

110  0 

OVFLEN  AFTER  MULT 

0 

0 

0 

0 

0 

0 

0 

IVIUSI  riC  □ 

Any  Output 

MULT 

110  1 

MULTIPLY 
SHIFT  A 

0 

0 

0 

0 

1 

1 

0 

LXHA 

1110 

LOAD  X, 
HOLD  A 

0 

1 

0 

0 

0 

0 

0 

LXSA 

1111 

LOAD  X.  SHIFT  A 
MULTIPLY 

0 

1 

0 

0 

1 

1 

1 

0 

•Active  LOW 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Other  Outputs 


Bus  Outputs 


DRIVING  OUTPUT 


Vcc 


DRIVEN  INPUT 


DRIVING  OUTPUT 


Note:  Actual  current  flow  direction  shown 
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DEFINITION  OF  FUNCTIONAL  TERMS 


Bus  O-Bus  7 
X7 

X1 


Accum  Upper 
Half  out,  even 

Accum  Upper 
Half  out,  odd 


Bi-directional  8-bit  data  bus. 

Interconnection  link  from  more  significant 
byte  if  cascading  (output). 

Interconnecting  link  between  devices  to 
least  significant  byte  if  cascading  (input) 
link  X7  to  X1  to  cascade  -  must  be 
ground  if  not  used. 

Accumulator  output  upper  byte,  even  bit. 
Accumulator  output  upper  byte,  odd  bit. 


Accum  Upper    -  Accumulator  input,  upper  byte,  even  bit. 

Accumulator  input,  upper  byte,  odd  bit. 


even 


Half  input 

Accum  Upper 
Half  input  odd 

Accum  Lower 
Half  Input  even 

Accum  Lower 
Half  input  odd 

YR  out  even 

YR  out  odd 

YR  in  even 

YR  in  odd 

Y0 
Y, 


Accumulator  input,  lower  byte,  even  bit. 

Accumulator  input,  lower  byte,  odd  bit. 

"Y"  register  output,  even  (link  to  "Y0"). 

"Y"  register  output,  odd  (link  to  "Y,"). 

"Y"  register  input,  even  (link  for  cascading) 
ground  when  not  used. 

"Y"  register  input,  odd  (link  for 
cascading)  ground  when  not  used. 

Multiplier  odd  input  (link  to  Y  reg.  odd). 

Multiplier  even  input  (link  to  Y  reg.  even). 


Sum  in  even 

Sum  in  odd 

Sum  out  even 

Sum  out  odd 

Acc  Add  out, 
even 

Acc  Add  out, 
odd 

LSB 

"o-"3 
onfl 

MSB 


CP 


-  Multiplier  input  even  for  cascading  link  to 
more  significant  byte,  for  standalone, 
ground. 

-  Multiplier  input  odd  for  cascading  link  to 
more  significant  byte,  for  standalone, 
ground. 

-  Multiplier  output  even  (link  to  sum  in  even 
for  cascading)  can  be  used  directly. 

-  Multiplier  output  odd  (link  to  sum  output 
odd  for  cascading)  can  be  used  directly. 

-  Adder  output  even,  for  LSB  (Hi)  output 
equal  sum  of  Accum  and  multiplier,  for 
LSB  (low)  output  equal  sum  of  accumu- 
lator and  zero. 

-  Same  as  above  except  odd  bit  instead  of 
even. 

-  Control  for  summing  adder  -  See  Accu- 
mulator Add  outputs  for  definition. 

-  4-bit  instruction  field  -  provide  cycle  for 
cycle  control  of  device  function. 

-  Stored  overflow  indicator  used  only  on 
least  significant  byte.  Requires  proper 
execution  of  instruction  to  operate. 

-  Control  for  "Y"  reg.  and  multiplier  to  indi- 
cate Most  Significant  Byte  -  Activates 
sign  extension  and  negative  waiting  for  2's 
compliment  -  Low  for  lesser  significant 
bytes  and  High  for  Most  Significant 
Byte  only. 

-  Clock  Pulse 

-  3  state  enable  for  Bus  O-Bus  7  outputs. 
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THE  Am25LS2516  LSI 
MULTIPLIER/ACCUMULATOR 

By  Roy  Levy 


The  Am25LS2516  is  an  8-bit  Multiplier/Accumulator  de- 
signed for  medium  performance,  minimum  power,  real  time 
signal  processing  applications  such  as  digital  filtering,  Fast 
Fourier  Transforms,  and  statistical  correlation.  Using  two's 
complement  carry-save  arithmetic,  this  40-pin  LSI  device 
delivers  a  16-bit  product  in  eight  clock  cycles.  This  will  permit 
two  devices  to  be  cascaded  to  achieve  a  16-bit  by  16-bit 
multiplication  in  940ns  when  used  over  the  full  military 
operating  range. 

A  functional  block  diagram  of  the  Am25LS2516  is  shown  in 
Figure  1.  The  key  elements  are  an  8-bit  X  input  register 
followed  by  an  8-bit  X  latch,  an  8-bit  Y  register,  four  2-bit 
multipliers,  a  2-bit  adder,  two  8-bit  accumulators  (high  order 
and  low  order),  a  byte  selecting  multiplexer  and  instruction 
decode  logic.  These  components,  equivalent  to  approxi- 
mately 625  gate  elements,  are  integrated  onto  a  single  chip 
fabricated  using  Advanced  Micro  Devices'  high- 
performance,  Low-Power  Schottky  technology.  The  on-chip 
accumulator  is  provided  to  minimize  component  count  and 
power  dissipation  in  a  high  density  system.  It  also  allows 
completion  of  a  multiply  and  accumulate  operation  in  the 
same  time  normally  required  for  a  multiply  only.  Other  LSI 
multipliers  currently  available  require  the  accumulator  func- 
tion to  be  provided  externally. 


IN  J  8-BIT  Y 


8-BIT  XI  REGISTER 


8  BIT  X2  LATCHES 


1    2  BIT 
CELLS 
1ULTIPLIE  R 


SUM  IN  T 


CO  


Figure  1.  8-Bit  by  8-Bit  Multiplier  Block  Diagram  with 

External  Connections  Required  to  Accumulate 
A  16-Bit  Product. 


MULTIPLIER  OPERATION 

The  Am25LS2516  is  configured  around  an  eight-line  com- 
mon input/output  bidirectional  bus.  X  and  Y  input  and  ac- 
cumulator output  data  are  routed  via  these  bus  lines.  A  two- 
rank  register/latch  combination  is  used  for  the  X  input  to 
allow  chaining  of  successive  multiplies  without  losing  a 
clock  pulse;  i.e.,  multiply  and  load  vs.  multiply.  The  latch 
holds  the  "X"  data  for  the  multiplier,  allowing  the  X  register 
to  be  loaded  during  any  remaining  multiply  cycles.  The  "Y" 
Register  can  be  parallel  loaded,  by  command,  from  the  8-bit, 
on-chip  bus  from  either  the  incoming  8  bits,  or  the  Ac- 
cumulator High  or  Accumulator  Low  Register  (separate 
commands).  The  "Y"  Register  provides  the  2-bit-at-a-time 
shift  and  the  sign  extend  which  allows  the  four  2-bit  cells  to 
operate  in  a  serial  by  parallel  mode.  The  multiplier  produces 
a  2-bit  product  for  each  clock,  LSB's  first.  Its  output  is  ac- 
cepted by  the  2-bit  adder  as  well  as  presented  to  external 
pins  for  expansion.  A  control  gating  array  is  provided  to  test 
for  overflow  during  the  last  add  cycle  of  the  operation;  i.e., 
cycle  8  for  8-bit  multiply  and  cycle  16  for  16-bit  multiply.  The 
timing  and  control  of  this  specific  cycle  is  accomplished  by 
the  microcode  chosen.  The  "no-op"  and  "LYSA"  instruc- 
tions are  provided  for  this  purpose.  The  first  cycle  of  a  no-op 
following  a  multiply  will  cause  the  results  of  the  overflow  test 
to  be  stored.  Two  8-bit  accumulators  are  provided  which 
must  be  externally  connected  in  either  an  8-bit,  16-bit,  or 
greater  configuration. 

These  accumulators  as  well  as  the  Y  Register,  are  both  or- 
ganized as  dual-rank  shift  registers,  which  allow  them  to  shift 
two  bits  at  a  time.  The  serial  inputs  and  outputs  of  the  Y 
Register  and  the  low  and  high  order  halves  of  the  ac- 
cumulator are  all  brought  out  to  external  pins  for  cascading 
the  device. 

The  accumulator  output  is  available  both  serially  and  in  par- 
allel. The  accumulator  results  are  available  one  bit  later  than 
the  multiply  cycle  and  the  accumulator  stops  shifting  during 
read  cycles.  If  the  device  is  used  to  compute  X  •  Y  products 
without  accumulation,  a  minimum  of  two  overhead  cycles 
must  accompany  each  multiply  -  -  one  for  reading  the  upper 
(lower)  half  of  the  accumulator  and  one  for  clearing  of  the 
accumulator  during  the  loading  of  the  X  or  Y  Registers.  An 
output  multiplixer  selects  the  high  or  low  order  accumulator 
contents  for  presentation  to  the  bus  in  parallel  8  bits  at  a  time. 

The  heart  of  this  device  is  an  8-bit  multiplier  (Figure  2)  made 
up  of  four  2-bit  cells.  Each  cell  has  three  inputs  (2  bits  wide), 
two  dual  carry-save  full  adders,  with  four  flip-flops  for  tem- 
porary storage  (two  for  carry-save  and  two  for  partial  pro- 
duct). The  multiplier  is  actually  subdivided  into  two  separate 
adders  with  appropriate  carry-save.  The  last  adder  forms  a 
partial  sum  representing  0,  1 X,  2X,  or  3X  by  using  combina- 
tions of  X  and  2X.  The  control  of  this  combination  is  Y0  and 
Y,,  respectively,  to  form  Y0Xn  +  Y,Xn+1.  This  sum  (nX)  is 
the  input  for  the  second  adder.  The  second  adder  combines 
the  first  adder  (nX)  sum  with  the  stored  partial  product 
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shifted 


two  places  plus  carry  to  form  a  new  partial  product. 
pomsb  +  Zo  +  C  =  P0LSB 
P-IMSB  +  Si  +  C  =  P1LSB 


The 
made 
The 

through 


!  two 


LSB 


partial  product  bits  of  the  least  significant  cell  are 
available  to  the  SUMmer  and  the  SUM  out  terminals, 
input  controls  the  SUM  out  providing  a  pass 
or  add  dependent  on  polarity. 


PROGRAMMING  THE  MULTIPLIER 

The  Am25LS2516  is  an  externally  programmed  device  con- 
trolled by  four  instruction  lines.  This  programmability  pro- 
vides a  key  to  its  flexibility.  Sixteen  microinstructions  (see 
Table  1 )  are  provided,  which  can  be  grouped  into  three  major 
functions:  Data  Move,  Read,  and  Multiply. 

Instruction  0-4:  The  first  instructions  ("0",  "1",  "2",  "3")  load 
the  "Y"  Register  from  the  Accumulator  (high  or  low),  load  the 
"X"  Register  while  either  clearing  or  not  clearing,  respec- 
tively, the  Accumulator. 

The  next  four  instructions  ("4",  "5",  "6",  "7")  load  the  "Y" 
Registerfrom  external  "bus"  and  Holds  on  the  accumulators 
and  multiplier. 

Instruction  "7"  is  unique  and  is  used  to  execute  a  chain 
multiply.  It  provides  the  last  multiply  operation  while  loading 
the  "Y"  Register,  transferring  the  "X",  and  clearing  the  mul- 
tiplier. 

Instructions  "8"  and  "9"  provide  the  read-out  (upper  and 
lower  halves)  of  the  Accumulator. 

Instructions  "A"  and  "B"  internally  transfer  the  respective 
halves  of  the  Accumulator  to  the  "X"  Register  -  another 
method  of  chain  calculating. 

Instruction  "C"  is  a  true  no-op  and  provides  an  idling  in- 
struction without  disabling  the  clock.  NOTE:  The  operations 
of  the  nstruction  are  in  some  cases  stored  by  clocking  the 
instructions  into  an  instruction  register,  accounting  for  a 


clocked  delay  in  operations.  Specifically,  the  shifting  of  the 
Accumulator  is  an  internally  stored  command  and  as  such  is 
started  and  stopped  one  clock  cycle  late,  allowing  the  Ac- 
cumulator to  complete  its  data  shifting  during  the  first  no-op 
cycle  following  a  multiply  and  starting  it  one  clock  cycle  after 
the  multiplying  cycle  is  started. 

Instruction  "D"  is  a  single  iteration  of  the  multiply  and  must 
be  used  for  each  bit  in  the  multiplier  minus  one.  The  last  bit  of 
the  multiplier  will  be  handled  by  a  no-op  ("C")  or  a  load  Y  and 
multiply  (7). 

TABLE  I 

INSTRUCTION 

MNEMONIC  IN  HEX  FUNCTION  REMARKS 


YLHC 

0 

LHA-*-Y.  XFEfl  X,  CLR  A 
CLR  M.  READ  OVFL 

YUHC 

UHA-^Y,  XFER  X,  CLR  A 
CLR  M,  READ  OVFL 

YLHA 

2 

LHA->Y,  XFER  X 
CLR  M,  READ  OVFL 

YUHA 

3 

UHA-*Y.  XFER  X 
CLR  M,  READ  OVFL 

LYCA 

4 

LOAD  Y,  XFER  X,  CLR  A 
CLR  M 

Same  function 
as  5 

LYCA 

5 

CLR  A 

LOAD  Y,  XFER  X,  CLR  M 

Same  function 
as  4 

LYHA 

6 

LOAD  Y,  XFER  X,  HOLD  A 
CLR  M 

LYSA 

7 

LOAD  Y,  XFER  X,  SHIFT  A 
CLR  M,  MULTIPLY 

Enables  overflow 
store  in  next  state 

RLHA 

8 

READ  LHA 
READ  OVFL 

RUHA 

9 

READ  UHA 
READ  OVFL 

XLHA 

A 

LHA-»X 
READ  OVFL 

XUHA 

B 

UHA-»Y 
READ  OVFL 

NOOP 

C 

NO  OP 

Enable  overflow 
store 

MULT 

0 

MULTIPLE 
SHIFT  A 

LXHA 

E 

LOAD  V,  HOLD  A 

LXSA 

F 

LOAD  X,  SHIFT  A 
MULTIPLY 

'Continue  multiplying  instructions 


FROM  X  LATCH 
xn+1 


CARRY 
STORE 


G1  CO 


A1  ADDER  81 


PARTIAL 
PROD  REG 


PARTIAL 
PROD  REG 


Figure  2.  Am25LS2516  Multiplier  Cell. 
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Instruction  "E"  provides  a  load  "X"  Register  and  Hold. 

Instruction  "F"  provides  an  intermediate  instruction  which 
can  be  executed  during  a  multiply.  It  allows  the  "X"  Register 
to  load  without  disturbing  the  "X"  Latch,  while  continuing 
the  iteration  of  the  multiply. 

Instructions  "C"  and  "7"  also  provide  sampling  and  storage 
of  the  overflow  condition. 

APPLICATION  OF  THE  MULTIPLIER 

The  flow  diagram  for  an  8-bit  two's  complement  multiply  is 
shown  in  Figure  3,  together  with  the  required  program 
micro-steps.  Figure  4  extends  this  to  include  accumulate, 
intermediate  load  of  X  and  chain  calculations.  Figures  5a  and 
b  show  the  external  connection  of  two  Am25LS251 6  devices 
to  execute  a  16-bit  by  16-bit  multiplication.  A  32-bit  product  is 


completed  in  16  clock  cycles.  This  same  technique  may  be 
extended  in  a  similar  fashion  to  longer  word  lengths.  The 
flowchart  of  Figure  6  demonstrates  a  16-bit  two's  comple- 
ment multiply  without  accumulate,  modified  to  a  12-bit  by 
12-bit  function. 

The  Am25LS2516  Multiplier/Accumulator  is  the  most  com- 
plex LSI  product  manufactured  to  date  with  Low  Power 
Schottky  technology.  It  will  be  extremely  useful  in  high- 
density  applications  where  minimum  package  count  is  a 
primary  consideration.  The  device  itself  performs  an  8  x  8  or 
16  x  16  multiplication  in  approximately  twice  the  time  of 
parallel  multipliers  currently  available,  but  using  only  one 
quarter  the  power  in  the  multiplier  portion  of  the  function.  In 
a  fully  configured  system  using  both  techniques,  the 
Am25LS2516  performance  begins  to  approach  that  of  the 
parallel  multiplier  plus  supporting  devices. 


LOAD  X  AND 
LOAD  CTR 


LOAD  Y 
CLEAR  ASM 
TRANSFER  X 


/ext  COUNTER\ 
I  VALUE 


MULTIPLY 
SHIFT  A 
AND  DEC  CTR 


LOOPING  OF  MULTIPLY 
USING  EXTERNAL  CONTROL 


PROGRAM  MICRO  STEPS 


# 

INST  IN  HEX 

1 

E 

2 

4 

3 

D 

4 

D 

5 

D 

6 

D 

7 

D 

8 

D 

9 

D 

10 

C 

IDLE 

Figure  3.  8-Bit  Two's  Complement  Multiply  without  Accumulate  or  Chain. 
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•GRAM  MICRO  STEPS 


INST  IN  HEX 


E 
4 
D 
D 
D 
F 
D 
D 
D 
7 
D 
D 
D 
D 
D 
D 
D 
C 
C 
C 


( EXT  COUNTER  1 
I  VALUE 


LOAD  X  & 
LD  CTR 

LOA 
CLEAR 
TRANS 

D  V, 
A  &  M, 
FERX 

LOAD  Y, 
TRANSFER  X, 
CLEAR  M, 
MULTIPLY 


IDLE 


LOOPING  OF  MULTIPLY 
USES  EXTERNAL  CONTROL 


Figure  4.  8-Bit  Two's  Complement  Multiply  with  Accumulate,  Intermediate  Load  and  Chain  Calculations. 





omsb  a 


_Z 


MSB 

1 


o  isa  BYTE 

V 


B  BIT  X  REGISTER 


A 


B  BIT  X 

EGISTER 

i 

B'BIT  X 

r 

■ 


■3 


.A 


£1    INDICATES  1st  OR  2nd  DEVICE 
FLOW  PATH  DURING  MULTIPLY 


A 


i  f  8  -  vm 


FLOW  PATH  in  IH  iiji  ;  Mill  TIPI  V 


Figure  5a.  Interconnection  of  Two  Am25LS2516  (8x8  Multiplier)  Devices  to  Execute  a  16  x  16  Multiply. 
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LSB  BUS  f- 


|q 

BUS1 

'2 

BUS  4 

6T 

BUS  5 

LSB 

BUS  7 

*1 

x7 

X-1 

vcc  , 

vo 

(ISP 

GNfi 

gno 

CLK 

OVFL 

SUM  IN  ODD 

SUM  OUT  ODD 

SUM  IN  EVEN 

SUM  OUT  EVEN 

ACC  UH  IN  ODD 

ACC  UH  OUT  ODD 

ACC  UH  IN  EVEN 

ACC  UH  OUT  EVEN 

ACC  LH  IN  ODD 

ACC  ADD  OUT  ODD 

ACC  UH  IN  EVEN 

ACC  ADD  OUT  EVEN 

Y  OUT  ODD 

V  OUT  EVEN 

'o 

BUS1 

l' 
■l 

BUS  2 

'2 

'3 

BUS  4 

BUS  7 

Y1 

V0 

vcc 

x-1 

LSP 

GND 

CLK 

OVFL 

SUM  IN  ODD 

SUM  OUT  ODD 

SUM  IN  EVEN 

SUM  OUT  EVEN 

ACC  UH  IN  ODD 

ACC  UH  OUT  ODD 

ACC  UH  IN  EVEN 

ACC  UH  OUT  EVEN 

ACC  LH  IN  ODD 

ACC  ADD  OUT  ODD 

ACC  UH  IN  EVEN 

ACC  ADD  OUT  EVEN 

Y  IN  ODD 

Y  OUT  ODD 

Y  IN  EVEN 

Y  OUT  EVEN 

— 


Figure  5b.  Two  Devices  Cascaded  in  16-Bit  by  16-Bit  Multiplier  Application  with  32-Bit  Accumulated  Product. 


LOAD  X  i 
REG  & 
CTR 


al  WIRE  X  LOAD  BITS  0  -  !2  NORMAL 

WIRE  13,  14,  15  TO  BIT  12  (SIGN  EXTEND) 
b)  WIRE  Y  LOAD  SAME  AS  X 


LOAD  Y 
CLEAR  A  &  M 
TRANSFER  X 


MULTIPLY 
SHIFT  A 
AND  DEC  CTR 


LOOPING  OF  MULTIPLY 
USING  EXTERNAL  CONTROL 


FINAL  RESULTS  LEFT  HAND  OR 

MOST  SIGNIFICANT  JUSTIFIED 

i.e.  FOR  12  x  12,  223  APPEARS 

AT  THE  MOST  SIGNIFICANT 

BIT  POSITION  OF  MOST  SIGNIFICANT 

BYTE. 


Figure  6.  16  Bit  Two's  Complement  Multiply  without  Accumulate  Modified 
to  12  x  12  (Using  Two  Am25LS2516  Devices  Interconnected). 
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Am25LS2517 

Arithmetic  Logic  Unit/Function  Generator 


Am25LS2517  data  is  combined  with 
the  Am25LS381. 

See  Am25LS381  data  sheet  for  full 
information. 


Note:  The 
prior  to  pub  ication 
possible  differences. 


Advanced  Micro  Devices'  LS381  products  were  designed 
of  data  sheets  by  T.I.  Review  specifications  for 
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FUNCTIONAL  DESCRIPTION 

The  Am25LS381  and  Am54LS/74LS381  are  arithmetic  logic 
units  (ALU (/function  generators  that  perform  three  arithmetic 
operations  and  three  logic  operations  on  two  4-bit  words.  The 
device  can  also  output  forced  0000  (clear)  or  1111  (preset). 
These  eight  operations  are  selected  using  three  function  select 
inputs  Sg,  S-|  and  as  shown  in  the  function  table.  Full 
carry  look  ahead  is  used  over  the  four-bit  field  within  the 
device.  When  devices  are  cascaded,  multi-level  full  carry  look- 
ahead  is  implemented  using  a  '182  carry  look  ahead  generator 
and  the  G  and  P  outputs  on  the  Am25LS381  or  Am54LS/ 
74LS381.  The  device  is  packaged  in  a  space-saving  (0.3-inch 
row  spacing)  20-pin  package.  If  the  Cn+4  carry  output  func- 
tion is  required,  the  Am25LS251 7  should  be  used. 

The  Am25LS381  is  a  high-performance  version  of  the 
Am54LS/74LS381 .  Improvements  include  faster  a.  c.  specifi- 
cations, higher  noise  margin  and  twice  the  fan^out  over  the 
•military  temperature  range. 

The  Am25LS2517  is  an  arithmetic  logic  unit  (ALU)/function 
generator  that  performs  three  arithmetic  operations  and 
three  logic  operations  on  two  4-bit  words.  The  device  can 
also  force  output  0000  (clear)  or  1111  (preset).  These  eight 
operations  are  selected  using  three  function  select  inputs  Sg, 
S-|  and  S2  as  shown  in  the  function  table.  Full  carry  look- 
ahead  is  used  over  the  four-bit  field  within  the  device.  When 
devices  are  cascaded,  the  carry  output  (Cn+4)  is  connected  to 
the  carry  input  (Cn)  of  the  next  device.  The  Am25LS2517 
can  also  detect  two's  complement  overflow.  The  overflow 
output  (OVR)  is  defined  logically  as  Cn+3  ffl  Cn+4- 
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3     4        I     2      19    18     17  16 


J_L 


,«0  >0     Al   Bl     A2   B2    *3  83 


1 — 1 — 1 — r 

B  9  11  12 


Am25LS381 
Am54LS/74LS381 

3     4       1      2      19    18      '7  16 


II    II    II  II 


VCC  -  Pin  20 
GND  -  Pin  10 


CONNECTION  DIAGRAMS 
Top  Views 


Am25LS2517 


VCC  A2  B2    A3   »3  C„C„40VBf3  F; 

,nnnnnnnnnn, 


Am25LS381 
Am54LS/74LS381 

VCC  A2  B2    A3   »3  Cn     f     S    F3  F2 

nnnnnnnnnn 


UUUUUUUUUU 

A,    9,    A„   B„    S0   S,    S,    F„    F,  GND 


'UUUUUUUUUU 

A,    9,    A0  B„    S„    S,    S2    F„    F,  GND 


Note:  Pin  1  Is  marked  for  orientation. 
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DISTINCTIVE  CHARACTERISTICS 

•  Low-power  Schottky  version  of  the  popular  Am2918  and 
Am25S18 

•  Four  standard  totem-pole  outputs 

•  Four  three-state  outputs 

•  Four  D-type  flip-flops 

•  Second  sourced  by  T.  I.  as  the  SN54/74LS388 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2518  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock.  Information  meeting  the  set-up  and 
hold  requirements  on  the  D  inputs  is  transferred  to  the  Q 
outputs  on  the  LOW-to-HIGH  transition  of  the  clock. 

The  same  data  as  on  the  Q  outputs  is  enabled  jit.  the  three- 
state  Y  outputs  when  the  "output  control"  (OE)  input  is 
LOW.  When  the  OE  input  is  HIGH,  the  Y  outputs  are  in  the 
high-impedance  state. 

The  Am25LS2518  is  a  4-bit,  high-speed  register  intended  for 
use  in  real-time  signal  processing  systems  where  the  standard 
outputs  are  used  in  a  recursive  algorithm  and  the  three-state 
outputs  provide  access  to  a  data  bus  to  dump  the  results  after 
a  number  of  iterations. 

The  device  can  also  be  used  as  an  address  register  or  status 
register  in  computers  or  computer  peripherals. 

Likewise,  the  Am25LS2518  is  also  useful  in  certain  display 
applications  where  the  standard  outputs  can  be  decoded  to 
drive  LED's  (or  equivalent)  and  the  three-state  outputs  are  bus 
organized  for  occasional  interrogation  of  the  data  as  displayed. 
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1         4        12  15 


°3- 


-°3 


D0       D,       D2  D3 


Q0  0,  Q2  Q3  Y0  Y,    Y2  Y3 


2     5    11    14     3     6    10  13 
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06  — 
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CONNECTION  DIAGRAM 
Top  View 


vcc    03    03     Y3     D2    02     Y2  Cp 

nnnnnnnn 

15     14      13      12      11      10  9 


1        2       3       4       5       6       7  8 

uuuuuuuu 

DQ     Qq     Yq     0,     Q1     Y,     OE  GND 


Note:  Pin  1  is  marked  for  orientation. 
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Am25LS2518 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  -  0°C  to  +70°C  VCC-5.0V±5%         MIN.  =  4.75  V 

MIL         TA  =  -55°C  to  +125°C       VCC  =  5.0V±10%  MIN.=4.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


MAX.  -  5.25  V 
MAX.  =  5.50  V 


Typ. 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 

V|N  =  V|H  or  V|L 

Q,  IQH  "  -660jjA 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

Y 

MIL,  Ioh  =  -1.0mA 

2.4 

3.4 

COM'L,  I  OH  "  2.6mA 

2.4 

3.4 

vol 

Dutput  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|HorV|L 

Iql  =  4.0mA 

0.4 

Volts 

lOL  =  8.0mA 

0.45 

Iql  =  12mA 

0.5 

V|H 

nput  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

nput  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

nput  Clamp  Voltage 

Vcc  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

•|L 

nput  LOW  Current 

VCC  =  MAX.,  V|N  =  0.4V 

-0.36 

mA 

•  IH 

nput  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7  V 

20 

HA 

•l 

nput  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'oz 

Dff -State  (High-Impedance) 
Dutput  Current 

Vcc  *  MAX- 

V0  =  0.4  V 

-20 

VQ  -  2.4  V 

20 

•sc 

Output  Short  Circuit  Current 
Note  31 

VCC  *  MAX. 

-1B 

-85 

mA 

'cc 

Power  Supply  Current 
Note  4) 

VCC  '  MAX. 

17 

28 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typica  limits  are  at  V^c  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Ice  is  measured  with  all  inputs  at  4.5V  and  all  outputs  open. 


Am25LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Tempe 

•ature 

-65°C  to+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage 

to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output  Cur 

rent.  Into  Outputs 

30  mA 

DC  Input  Curre 

nt 

-30  mA  to  +5.0  mA 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 


f*3  ra  meters 

Description 

Mm. 

Typ. 

Units 

Tact-  f^rtnrtitinnc 

tPLH 

Clock  to  Q, 

18 

27 

ns 

'PHL 

18 

27 

tPLH 

Clock  to  Yj  <0~E  LOW) 

18 

27 

ns 

tPHL 

18 

27 

tpw 

Clock  Pulse  Width 

LOW 

18 

ns 

CL  =  15pF 

HIGH 

15 

Rl  =  2.0kn 

«s 

Data 

15 

ns 

th 

Data 

5.0 

ns 

»ZH 

Of  to  Y, 

7.0 

11 

ns 

«ZL 

8 

12 

«HZ 

Of  to  Y, 

14 

21 

ns 

Cl  =  5.0pF 

'LZ 

12 

18 

RL=  2.0kfi' 

'max 

Maximum  Clock  Frequency  (Note  1) 

3B 

50 

MHz 

Note  1.  Per  industry  convention,  fmax  is  tne  worsT  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
pulse  width  or  duty  cycle. 


SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units         Test  Conditions 

Ta  =  0°C  to  +70°C 
Vcc  =  5  0V  ±5% 
Min.  Max. 

TA  =  -55°Cto  +125°C 
Vcc  =  5.0V  ±  10% 
Min.  Max. 

«PLH 

Clock  to  Qj 

38 

45 

ns 

CL  '  50pF 
R  L  =  2.0k« 

«PHL 

38 

45 

«PLH 

Clock  to  Yj  (OE  LOW) 

35 

40 

ns 

«PHL 

35 

40 

lpw 

Clock  Pulse  Width 

LOW 

20 

20 

ns 

HIGH 

20 

20 

«s 

Data 

15 

15 

ns 

th 

Data 

5.0 

5.0 

ns 

«ZH 

OEto  Y| 

15 

17 

ns 

«ZL 

16 

17 

tHZ 

OE  to  Y| 

27 

30 

ns 

CL  =  5.0pF 
RL  =  2.0kfi 

«LZ 

24 

30 

'max 

Maximum  Clock  Frequency  (Note  1 ) 

30 

25 

MHz 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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DEFINITION  OF  FUNCTIONAL  TERMS 

Dj  The  four  data  inputs  to  the  register. 
Qj  The  four  data  outputs  of  the  register  with  standard 
totem-pole  active  pull-up  outputs.  Data  is  passed  non- 
inverted. 

Yj  The  fdur  three-state  data  outputs  of  the  register.  When 
the  three-state  outputs  are  enabled,  data  is  passed  non- 
inverted.  A  HIGH  on  the  "output  control"  input  forces  the 
Yj  outputs  to  the  high-impedance  state. 
CP  Clock.  The  buffered  common  clock  for  the  register. 
Enters  data  on  the  LOW-to-HIGH  transition. 
OE  Output  Control.  When  the  OE  input  is  HIGH^Jhe  Yi 
outputs  are  in  the  high-impedance  state.  When  the  OE  input 
is  LOW,  the  TRUE  register  data  is  present  at  the  Yj  outputs. 


TRUTH  TABLE 


INPUTS 

OUTPUTS 

CLOCK 

NOTES 

OE 

CP 

D 

□ 

Y 

H 

L 

X 

NC 

Z 

H 

H 

X 

NC 

Z 

H 

t 

L 

U 

z 

H 

t 

H 

H 

z 

L 

t 

L 

L 

L 

L 

t 

H 

H 

H 

L 

L 

L 

1 

L 

H 

H 

1 

L  =  LOW 
H  =  HIGH 
X  =  Don't  care 


NC  =  No  change 

t  =  LOW  to  HIGH  transition 

Z  =  High  impedance 


Note:  1 .    When  OE  is  LOW,  the  Y  output  will  be  in  the  same  logic 
state  as  the  Q  output. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.083"  X  0.099" 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Y  DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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ORDERING  INFORMATION 

Package 

Temperature 

C\rriar 

Uruci 

Type 

Range 

Number 

MnlrlpH  niP 

ivioiueo  u i r 

n°r  tn  +70°  r 

AM9m  ^RIRPP 

/"\IVI*10  1  J  1  Ul 

Hermetic  DIP 

0°C  to  +70°  C 

AM25LS2518DC 

Dice 

0°C  to  +70°  C 

AM25LS2518XC 

Hermetic  DIP 

-55°Cto+125°C 

AM25LS2518DM 

Hermetic  Flat  Pak 

-55°Cto+125°C 

AM25LS2518FM 

Dice 

-55°Cto+125°C 

AM25LS2518XM 

APPLICATIONS 


■ 

H 

ft 

CODE 

MttVES 

1  DDn° 

1 

EH  | 

"  1 

/"/ 

ft 

1 

I 

ft 

1 

 0  TD    5  A   

1  

-  °o         %  -J 

e    v,  — 
<  1 

-CP                Yj  _ 

-  ;oo      Qo  -1 

I 

—  0„           Qc  — 1 

—  Dj     »    0?  — 

_  D;     jjj     a,  — 

i    ¥n  — 

- 9  |  5  I  

— C  G    S  ¥3  P  

 a  'i  «  g  :>— 

The  Am25LS2518  used  as  display  register  with  bus  interrogate  capability. 


CLOCK 


w2_ 
*3- 


lengthI*  * 

CONTROL | b 


J  *2  O- 


°0    CP     °0  ■ 


CP    o0  - 


cp   Qo  - 


cp    Qo  - 


The  Am25LS2518  as  a  variable  length  (1,  2,  3  or  4  wordlshift  register. 
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Quad  Register  With  Two  Independently  Controlled  Three-State  Outputs 


DISTINCT  VE  CHARACTERISTICS 

•  Two  sets  of  fully  buffered  three-state  outputs 

•  Four  D-type  flip-flops 

•  Polarity  control  on  W  outputs 

•  Buffered  common  clock  enable 

•  Buffered  common  asynchronous  clear 

•  Separate  buffered  common  output  enable  for  each  set  of 
outputs 

•  100%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2519  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock  enable.  Information  meeting  the 
set-up  and  hold  time  requirements  of  the  D  inputs  is  trans- 
ferred to  the  flip-flop  outputs  on  the  LOW-to-HIGH  transition 
of  the  clock.  Data  on  the  Q  outputs  of  the  flip-flops  is  enabled 
at  the  three-state  outputs  when  the  output  control  (OE)  input 
is  LOW.  When  the  appropriate  OE  input  is  HIGH,  the  outputs 
are  in  the  high  impedance  state.  Two  independent  sets  of 
outputs  -  W  and  Y  -  are  provided  such  that  the  register  can 
simultaneously  and  independently  drive  two  buses.  One  set  of 
outputs  contains  a  polarity  control  such  that  the  outputs  can 
either  be  inverting  or  non-inverting. 

The  device  also  features  an  active  LOW  asynchronous  clear. 
When  the  clear  input  is  LOW,  the  Q  output  of  the  internal 
flip-flops  are  forced  LOW  independent  of  the  other  inputs. 
The  Am25LS2519  is  packaged  in  a  space  saving  (0.3-inch  row 
spacing)  20-pin  package. 


LOGIC  DIAGRAM 


LOGIC  SYMBOL 


-«£: 


DQ     D,     D2  D3 


CP 
CLR 
OE-Y 
OE-W 


w0  w,  w2  w3 


2     5    12    15  3     6    11  14 


Vcc  -  Pin  20 
GND  *  Pin  10 


CONNECTION  DIAGRAM 
Top  View 


Vcc  CLR  POL    E      D3    W3    Y3     D2    W2  Y2 

nnnnnnnnnn 

20     19     18     17     16     15     14      13     12  11 


I  I    i  I 

CLR  POL  OE-Y  OE-W 

CLEAR       POLARITY  OUTPUT  ENABLE 


1       234       567       8       9  10 

u  u  u  u  u uuuu u 

D0     w0    Y0     D1     w1    Y1  "e~w  0E"Y  CP  GND 


Note:  Pin  1  is  marked  for  orientation. 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COWL     TA  -  0°C  to  +70° C  VCC-5.0V±5%         MIN.  »  4.75  V  MAX.  =  5. 25  V 

MIL  TA  =■  -55°  C  to  +125°C        VCC-5.0V±10%       MIN.  =  4.50  V  MAX.  =  5.50  V 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE  Typ 

Parameters  Description  Test  Conditions  (Note  D  Min.       (Note  2)        Max.  Units 


vOH 

Output  HIGH  Voltage 

VCC  =  MIN. 

V|N  =  VIH  or  V|L 

MIL,  l0H  =-1-0mA 

2.4 

3.4 

Volts 

COM'L,  Ioh  =  -2.6mA 

2.4 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

V|N  =  V|H  or  V|L 

Iql  =  4.0mA 

0.4 

Volts 

Iql  =  8.0mA 

0.45 

Iql  "  12mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  -  -18mA 

-1.5 

Volts 

>IL 

Input  LOW  Current 

VCC  -  MAX.,  V|N=  0.4  V 

-0.36 

mA 

'IH 

Input  HIGH  Current 

VCC  =  MAX.,  V,N  =  2.7V 

20 

MA 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0V 

0.1 

mA 

'OZ 

Off-State  (High-Impedance) 
Output  Current 

VCC  =  MAX. 

V0  =0.4V 

-20 

MA 

V0  -  2.4  V 

20 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 
(Note  4) 

VCC  "  MAX. 

MIL 

24 

36 

mA 

COM'L 

24 

39 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Inputs  grounded;  outputs  open. 


Am25LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°  C  to  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +Vcc  max. 

DC  Input  Voltage 

-0.5  V  to +7.0  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 
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SWITCHING 

(TA  =  +25' 


CHARACTERISTICS 

VcC  =  50V) 


Parameters 

Descr 

iption 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

tpHL 

Clock  to  Y, 

22 

33 

ns 

tpHL 

20 

30 

tPLH 

Clock  to  W, 

24 

36 

ns 

tpHL 

(Either  Polarity) 

24 

36 

tpHL 

Clear  to  Yj 

29 

43 

ns 

tpLH 

Clear  to  W, 

25 

37 

ns 

tpHL 

30 

45 

tpLH 

Polarity  to  W, 

23 

34 

ns 

tpHL 

25 

37 

CL  =  15pF 

tpw 

Clear 

18 

ns 

RL  =  2.0101 

tpw 

Clock  Pulse  Width 

LOW 

15 

ns 

HIGH 

18 

«s 

Data 

15 

ns 

th 

Data 

5 

ns 

ts 

Data  Enable 

20 

ns 

th 

Data  Enable 

0 

ns 

*s 

Set-up  Time,  Clear 
Recovery  (Inactive)  to  Clock 

IK 
ID 

«ZH 

Output  Enable  to  W  or  Y 

11 

17 

tZL 

13 

20 

tHZ 

Output  Enable  to  W  or  Y 

13 

20 

ns 

CL  =  5.0pF 

tLZ 

11 

17 

RL  =  2.0kfl 

'max 

Maximum  Clock  Frequency  (Note  1) 

35 

45 

MHz 

CL  =  15pF 
RL  =  2.0kO 

Per  industry  convention,  fmax  is  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 
pulse  width  or  duty  cycle. 


Am25LS  COWL 

Am25LS  MIL 

SWITCHIIV 
OVER  OP 

IG  CHARACTERISTICS 
ERATING  RANGE* 

TA  =  0°C  to  +70X 
Vcc  =  5.0V  ±5% 

TA  =  -55X  to  +125°C 
Vcc  =  5.0V  ±10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

tpLH 

Clock  to  Y| 

39 

42 

ns 

tpHL 

39 

45 

*PLH 

Clock  to  W| 

41 

43 

ns 

tpHL 

(Either  Polarity) 

44 

48 

*PHL 

Clear  to  Y; 

52 

58 

ns 

tpLH 

Clear  to  W, 

42 

43 

ns 

*PHL 

51 

53 

tpLH 

Polarity  to  W, 

41 

45 

ns 

tpHL 

42 

44 

Ct  =  50pF 

*PW 

Clear 

20 

20 

ns 

RL  =  2.0kn 

*pw 

Clock 

LOW 

20 

20 

ns 

HIGH 

20 

20 

^ 

Data 

15 

15 

ns 

Data 

10 

10 

ns 

Data  Enable 

25 

25 

ns 

th 

Data  Enable 

0 

0 

ns 

ts 

Set-up  Time,  Clear 
Recovery  (Inactive)  to  Clock 

23 

24 

ns 

»ZH 

Output  Enable  to  W,  or  Y, 

24 

27 

ns 

<ZL 

29 

35 

*HZ 

Output  Enable  to  W,  or  Y, 

33 

45 

ns 

CL  =  5.0pF 

tLZ 

22 

26 

R[_  =  2.0kn 

'max 

Maximum  Clock  Frequency  (Note  1 ) 

30 

25 

MHz 

CL  =  50pF 
R[_  =  2.0kfi 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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FUNCTION 

INPUTS 

INTERNAL 

OUTPUTS 

CP 

Di 

E 

tin 

rUL 

Ut-W 

Ut-l 

Q 

wi 

v. 

X 

X 

X 

X 

X 

H 

L 

NC 

z 

Enabled 

Output  Three-State  Control 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

L 

H 

H 
H 

NC 
NC 

Enabled 
Z 

Z 
Z 

L 

L 

NC 

Enabled 

Enabled 

W,  Polarity 

X 
X 

X 
X 

X 
X 

X 
X 

L 
H 

L 
L 

L 

L 

NC 
NC 

Non-Inverting 
Inverting 

Non-Inverting 
Non-Inverting 

Asynchronous  Clear 

X 
X 

X 
X 

X 
X 

L 
L 

L 
H 

L 
L 

L 

L 

|_ 
[_ 

L 
H 

L 
L 

X 

H 

H 

X 

X 

X 

NC 

NC 

NC 

L 

L 

H 

L 

L 

L 

L 

L 

L 

Clock  Enabled 

L 

L 

H 

H 

L 

L 

L 

H 

L 

H 

L 

H 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

L 

H 

L  -  LOW  X  =  Don't  Care 

H  -  HIGH  NC  =  No  Change 

Z  -  High  Impedance      t  =  LOW  to  HIGH  Transition 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj  Any  of  the  four  D  flip-flop  data  lines. 

E  Clock  Enable.  When  LOW,  the  data  is  entered 

into  the  register  on  the  next  clock  LOW-to- 
HIGH  transition.  When  HIGH,  the  data  in  the 
register  remains  unchanged,  regardless  of  the 
data  in. 


CP 


OE-W,  OE-Y 

Yj 
W; 
POL 

CLR 


Clock  Pulse.  Data  is  entered  into  the  register  on 
the  LOW-to-HIGH  transition. 

Output  Enable.  When  OE  is  LOW,  the  register 
is  enable  to  the  output.  When  HIGH,  the  out- 
put  is  in  the  high-impedance  state.  The  OE-W 
controls  the  W  set  of  outputs,  and  OE-Y 
controls  the  Y  set. 

Any  of  the  four  non-inverting  three-state  out- 
put lines. 

Any  of  the  four  three-state  outputs  with  polarity 
control. 

Polarity  Control.  The  Wj  outputs  will  be  non- 
inverting  when  POL  is  LOW,  and  when  it  is 
HIGH,  the  outputs  are  inverting. 

Asynchronous  Clear.  When  CLR  is  LOW,  the 
internal  Q  flip-flops  are  reset  to  LOW. 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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 ,  


Convenient  Register  Content  Monitor  or  Test  Point 


Metallization  and  Pad  Layout 


12  w2 


DIE  SIZE  0.083"  X  0.099" 
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Octal  D-Type  Flip-Flop  With  Clear,  Clock  Enable  And  Three-State  Control 


DISTINCTIVE  CHARACTERISTICS 

•  Buffered  common  clock  enable  input 

•  Buffered  common  asynchronous  clear  input 

•  Three-state  outputs 

•  8-bit,  high-speed  parallel  register  with  positive  edge-triggered, 
D-type  flip-flops 

•  Am25LS  Family  offers  improved  sink  current,  source 
current  and  noise  margin 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2520  is  an  8-bit  register  built  using  advanced 
Low-Power  Schottky  technology.  The  register  consists  of 
eight  D-type  flip-flops  with  a  buffered  common  clock,  a 
buffered  common  clock  enable,  a  buffered  asynchronous  clear 
input,  and  three-state  outputs. 

When  the  clear  input  is  LOW,  the  internal  flip-flops  of  the 
register  are  reset  to  logic  0  (LOW),  independent  of  all  other 
inputs.  When  the  clear  input  is  HIGH,  the  register  operates  in 
the  normal  fashion. 

When  the  three-state  output  enable  (OE)  input  is  LOW,  the 
Y  outputs  are  enabled  and  appear  as  normal  TTL  outputs. 
When  the  output  enable  (OE)  input  is  HIGH,  the  Y  outputs 
are  in  the  high  impedance  (three-state)  condition.  This  does 
not  affect  the  internal  state  of  the  flip-flop  Q  output. 

The  clock  enable  input  (E)  is  used  to  selectively  load  data 
into  the  register.  When  the  E  input  is  HIGH,  the  register  will 
retain  its  current  data.  When  the  E  is  LOW,  new  data  is  entered 
into  the  register  on  the  LOW-to-HIGH  transition  of  the  clock 
input. 

This  device  is  packaged  in  a  space-saving  (0.4-inch  row  spacing) 
22-pin  package. 


LOGIC  DIAGRAM 

°3 


CONNECTION  DIAGRAM 
Top  View 

E      51     Y,     D,     D„     Y6     Y5     D5     D4  Y4 

nnnnnnnnnnn 

3      15     14      13  12 


22      21      20     19  18 


yuuuuuuuuuu 

CLR    YQ     Dq     0,     Y,     Y2     D2     D3     Y3     CP  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3       4  7 

I    I  I 


13     14      17  18 


D0     D,     D2    D3     D„     D5     D6  D? 

E 

CLR 

CP 

OE 

Yfj     Y,     Y2     Y3     Y4    Y5     Y6  Y7 


TT 


6        9       12      15      16  19 

VCC  -  Pin  22 
GND  -  Pin  11 
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Am25LS2520 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  -  0°C  to  +70°C  VCC-5.0V±5%        MIN. -4.75V  MAX 


MIL 


-55  C  to +125  C        Vcc  =  5.0  V  ±10°/ 


5.25  V 

MIN.  -4.50V      MAX.  -5.50V 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 


Description 


Test  Conditions  (Note  D 


Min. 


Typ. 

(Note  21 


Max. 


Units 


vOH 

Output  HIGH  Voltage 

Vcc  =  MIN. 

V|N  =  VIH  °r  V|L 

MIL,  l0H  "  -1.0mA 

2.4 

3.4 

Volts 

COM'L,  Iqh  "  -2.6mA 

2.4 

3.4 

vol 

Output  LOW  Voltage 

VCc  -  MIN. 

V|N  =  V|H  or  V|L 

'OL  =  4.0mA 

0.4 

Volts 

Iql  =  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

l|L 

Input  LOW  Current 

VCC  ■  MAX.,  V|N  =  0.4  V 

-0.36 

mA 

llH 

Input  HIGH  Current 

VCC  =  MAX.,  V.N  -2.7V 

20 

MA 

•i| 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  7.0  V 

0.1 

mA 

'0 

Off-State  (High-Impedance) 
Output  Current 

VCC  =  MAX- 

V0  =  0.4V 

-20 

MA 

VQ-2.4V 

20 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  *  MAX. 

-15 

-85 

mA 

Power  Supply  Current 

vCc  "  MAX- 

24 

37 

mA 

Notes:  1 .   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  tvpe. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  AH  outputs  open,  E  -  GN D,  Di  inputs  =  C LR  -  OfT  =  4.5V.  Apply  momentary  ground,  then  4.5V  to  clock  input. 


Am25LS 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5  V  to  +7.0  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCc  max- 


DC  Input  Voltage 


-0.5  V  to  +7.0  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

'PLH 

Clock  to  Y;  (OE  LOW) 

18 

27 

ns 



'PHL 

24 

36 

«PHL 

Clear  to  Y 

22 

35 

ns 

*s 

Data  IDj) 

10 

3 

ns 

th 

Data  (Dj) 

10 

3 

ns 

*s 

Enable  (E) 

Active 

15 

10 

ns 

Inactive 

20 

12 

CL=  15pF 
RL  =  2.0kn 

th 

Enable  (E) 

0 

0 

ns 

ts 

Clear  Recovery  (In-Active 

to  Clock 

1 1 

7 

ns 

Clock 

HIGH 

20 

14 

ns 

lpw 

LOW 

26 

13 

*pw 

Clear 

20 

13 

ns 

tZH 

OEto  Yi 

9 

13 

ns 

«ZL 

14 

21 

tHZ 

OE  to  Y, 

20 

30 

ns 

CL=  5.0pF 

*LZ 

24 

36 

R|_  -  2.0kfi 

'max 

Maximum  Clock  Frequency  (Note  1) 

40 

MHz 

Note  1 .  Per  industry  convention,  fmax 's  the  worst  case  value  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf,  pulse 
width  or  duty  cycle. 


SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COfvl'L 

Am25LS  MIL 

Units         Test  Conditions 

TA  =  0°Cto+70°C 
Vcc  =  5.0V  ±  5% 
Min.  Max. 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  +  10% 
Min.  Max. 

'FLH 

Clock  to  Y,  (OE  LOW) 

33 

39 

ns 

Cl  =  SOpF 
RL  =  2.0k« 

<PHL 

45 

54 

43 

«s 

Data  (Dj) 

12 

15 

ns 

th 

Data  (Dj) 

12 

15 

ns 

Enable  (E) 

Active 

17 

20 

ns 

Inactive 

20 

23 

th 

Enable  (E) 

0 

0 

ns 

«s 

Clear  Recovery  (In-Active)  to  Clock 

13 

15 

ns 

tpw 

Clock 

HIGH 

25 

30 

ns 

LOW 

30 

35 

*pw 

Clear 

22 

25 

ns 

«ZH 

OTto  Y; 

19 

25 

ns 

«zL 

30 

39 

«HZ 

OE  to  Y| 

35 

40 

ns 

C|_  =  5.0  pF 
RL  -  2.0  ki2 

tLZ 

39 

42 

'max 

Maximum  Clock  Frequency  (Note  1) 

25 

20 

MHz 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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Am25LS2520 


DEFINITION  OF  FUNCTIONAL  TERMS 


Dj 

CLR 


CP 


OE 


The  D  flip-flop  data  inputs. 

When  the  clear  input  is  LOW,  the  Qj  outputs  are 
LOW,  regardless  of  the  other  inputs.  When  the 
clear  input  is  HIGH,  data  can  be  entered  into  the 
register. 

Clock  Pulse  for  the  Register;  enters  data  into  the 
register  on  the  LOW-to-HIGH  transition. 

The  register  three-state  outputs. 

Clock  Enable,  When  the  clock  enable  is  LOW, 
data  on  the  Dj  input  is  transferred  to  the  Qj 
output  on  the  LOW-to-HIGH  clock  transition. 
When  the  clock  enable  is  HIGH,  the  Qj  outputs 
do  not  change  state,  regardless  of  the  data  or  clock 
input  transitions. 

Output  Control.  When  the  OE  input  is  HIGH, 
the  Yj  outputs  are  in  the  high  impedance  state. 
When  the  OE  input  is  LOW,  the  TRUE  register 
data  is  present  at  the  Yj  outputs. 


FUNCTION  TABLE 


Inputs 

Internal 

Outputs 

Function 

OE 

CLR 

E 

Dj 

CP 

Qi 

Yj 

Hi-Z 

H 

X 

X 

X 

X 

X 

z 

Clear 

H 

L 

X 

X 

X 

L 

z 

L 

L 

X 

X 

X 

L 

L 

Hold 

H 

H 

H 

X 

X 

NC 

z 

L 

H 

H 

X 

X 

NC 

NC 

Load 

H 

H 

L 

L 

t 

L 

Z 

H 

H 

L 

H 

t 

H 

Z 

L 

H 

L 

L 

t 

L 

L 

L 

H 

L 

H 

t 

H 

H 

H  -  HIGH 
L  ■  LOW 
X  =  Don't  Care 


NC  =  No  Change 

t  .  LOW-to-HIGH  Transition 
Z  •-  High  Impedance 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Metallization  and  Pad  Layout 


DRIVING  OUTPUT 


□  RIVEN  INPUT 


CLR"    I  - 


O0  3- 

D,  4  - 

Y,  5- 

Y2  6  - 

D2  7  - 

D3  8- 

Y3  9- 


-22  VCC 
-  21  E 


-  19  Y7 

■  18  D7 

■  17  D6 

■  16  Y6 

■  15  Y6 

■  14  D5 


Note:  Actual  current  flow  direction  shown. 


DIE  SIZE  0.080"  x  0.111" 
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ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°C  to  +125°C 
-55°Cto  +125°C 


AM25LS2520PC 
AM25LS2520DC 
AM25LS2520XC 
AM25LS2520DM 
AM25LS2520FM 
AM25LS2520XM 


APPLICATIONS 

16-BIT  DATA  BUS 


INSTRUCTION  REGISTER  • 


MAPPING  PROM 


MICROPROCESSOR 
SEQUENCER 


Am25LS2520 


± 


Am25LS2S20 


Am25LS2520 


PROM  ARRAY 


,'8 


Am25LS2520 


Am25LS2520 


Am25LS2520 


56-BIT  PIPELINE  REGISTER 


Am25LS2520 


A  typical  Computer  Control  Unit  for  a  microprogrammed  machine. 


ADDRESS 
Am9080A 
DATA 


4 

c 


ADDRESS  BUS 


2 


■ 


Am25LS2520 


I/O  DEVICE  =1 


I/O  DEVICE  =2 


The  Am25LS2520  is  a  useful  device  in  interfacing  with  the  Am9080A  system  buses. 
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Am25LS2521 

Eight-Bit  Equal-To  Comparator 


DISTINCTIVE  CHARACTERISTICS 

•  8-bit  byte  oriented  equal  comparator 

•  Cascadable  using  E||\| 

•  High-speed,  Low-Power  Schottky  technology 

•  tpd  A  •  B  to  EouT  'n  9ns 

•  Standard  20-pin  package 

•  100%  product  assurance  screening  to  Ml  L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2521  is  an  8-bit  "equal  to"  comparator  capable 
of  comparing  two  8-bit  words  for  "equal  to"  with  provision 
for  expansion  or  external  enabling.  The  matching  of  the  two 
8-bit  inputs  plus  a  logic  LOW  on  the  E|[\|  produces  an  active 
LOW  on  the  output  EquT- 

The  logic  expression  for  the  device  can  be  expressed  as: 
EQUT  =  (Aq©Bq)  (A-|  0 B-] )  (A2©B2)  (A30B3)  (A40B4) 
(A5©  B5)  (A7©  B7)  EE | jsj .  It  is  obvious  that  the  expression  is 
valid  where  An,  —  A7  and  Bo  —  B7  are  expressed  as  either 
assertions  or  negations.  This  is  also  true  for  pair  of  terms  i.e. 
Aq  can  be  compared  with  Bo  at  the  same  time  A1  is  compared 
with  B-|.  It  is  only  essential  that  the  polarity  of  the  paired 
terms  be  maintained. 


LOGIC  DIAGRAM 


A2  O- 


B20  ^o- 


»3  0  ^O- 


A5  0  

"SO  ^o- 

A6  0  

B6  0  ^O- 

A7  0- 


B70  

ElNO  


>EOUT 


CONNECTION  DIAGRAM 


VCC  EOUT  B7     A,     Bg     Ae     Bs     A5     B4  A4 

nnnnnnnnnn 


UUUUUUUUUU 

E|N    A<|     Bq     A1     B-[     A2     B2     A3     B3  GND 


Note:  Pin  1  is  marked  for  orientation 


LOGIC  SYMBOL 


IB    17     16    15     14    13     12    11       9     8       7     6       5    4       3  2 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to +70°C  Vcc-5.0V+5%         MIN.  -4.75V  MAX.  =  5.25  V 

MIL  TA  55°Cto+125°C        VCC  =  5.0V±10%       MIN.  =  4.50V  MAX.  -5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

(Note  2) 

Units 

V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 

'OH  =  —440m  A 

MIL 

2.5 

Volts 

V|N  =  V|H  or  V|L 

COM'L 

2.7 

VCC  =  MIN. 

V|N    V|H  °r  V|L 

'OL  =  4.0mA 

0.4 

vol 

Output  LOW  Voltage 

lOL  =  8.0mA 

0.45 

Volts 

IQL  =  12mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0,7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  - 

18mA 

-1.5 

Volts 

ML 

Input  LOW  Current 

VCC  =  MAX.,  V|N=  0.4V 

Aj,  B, 

-0.36 

mA 

E 

-0.72 

'1H 

Input  HIGH  Current 

VCC  =  MAX.,  V,N  -  2.7  V 

Aj,  B, 

20 

HA 

E 

40 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  -  7.0V 

Aj,  Bj 

0.1 

mA 

>l 

E 

0.2 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

•cc 

Power  Supply  Current 
(Note  41 

Vcc  =  MAX. 

27 

40 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vrjc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  E  =  GND,  all  other  inputs  and  outputs  open. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +Vcc  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current 

-30mA  to  +5. 0mA 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25° C,  VCC  =  5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

tpLH 

Aj  or  B;  to  Equal 

9 

15 

ns 

*PHL 

9 

15 

CL  =  15pF 

*PLH 

E  to  Equal 

5 

7 

ns 

RL  =  2.0kn 

tpHL 

6 

8 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE  * 


Parameters 


Description 


Am25LS  COM'L 


TA  =  0°C  to  +70°C 
VCc  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55°C  to  +125°C 
VCc  =  5.0V  ±10% 
Min.  Max. 


Units    Test  Conditions 


*PLH 


tpHL 


*PLH 


*PHL 


Aj  or  Bj  to 
Equal  Output 


E  to  Equal  Output 


20 


19 


10.5 


12.5 


22 


21 


12 


15 


CL  =  50pF 
R|_  =  2.0W1 


AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 


DEFINITION  OF  FUNCTIONAL  TERMS 

A0-A7  A  input  to  comparator 

B0-B7  B  input  to  comparator 

E,N  Enable  active  LOW 

Equt  EQUAL  output  active  LOW 


DIE  SIZE  0.063"  x  0.074" 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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APPLICATION 


AO  B,, 
A,  B, 
A2  B2 
A3  B3 
A4  B4 
A5  B5 

A, 

A2 

A3 

A4 

A5 

A6 

A6  B6 

A7 

A7  B7 
EIN  EOUT 

A8 

An 

Ag 

*i 

B1 

A10 

a2 

B2 
B3 
B4 

B5 

Be 

All 

a3 

Al2 

A4 

A« 

»5 

Ae 

am 

A15 

a? 

MAX.  ENABLE  (HIGH-to-LOW)  DELAY 
OVER  16-BITS 
(Commercial  Range) 


.  ADDRESS  SELECT 


ENABLE  TERM 


*PHL 

Aj  or  B| 
t0  EOUT 

19ns 

*PHL 

Em  to 
EOUT 

12.5ns 

Total 

31.5ns 

WRITE  ENABLE, 
READ  ENABLE 
OR  BOTH 


MICROPROCESSOR  ENABLE  CONTROLLED, 
SELECTABLE,  ADDRESS  DECODER 


ORDERING  INFORMATION 


Package 
Type 

Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


Temperature 
Range 

0°Cto  +70°  C 
0°Cto  +70°  C 
0°C  to  +70°  C 
-55°Cto  +125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


Order 
Number 

AM25LS2521PC 
AM25LS2521DC 
AM25LS2521XC 
AM25LS2521DM 
AM25LS2521FM 
AM25LS2521XM 


Am25LS2524 

Registered  Comparator 


DISTINCTIVE  CHARACTERISTICS 

•  Eight-bit  bi-directional  register  with  bus  oriented  input- 
output 

•  Independent  serial  input-output  to  register 

•  Register  to  bus  comparator  with  equal  to  greater  than  and 
less  than  outputs 

•  Cascadable  in  groups  of  eight  bits 

•  Comparator  has  open  collector  status  outputs  controlled 
by  status  enable 

•  Compare  performed  at  2's  complement  or  magnitude 

•  Controlled  by  2-bit  function  code 

•  Standard  20-pin  package 

•  1009J  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2524  is  an  eight-bit  bi-directional  register  with 
parallel  input  and  output  plus  serial  input  and  output  pro- 
gressing from  LSB  to  MSB.  Also  attached  to  the  input/output 
is  an  eight-bit  comparator  with  one  port  tied  to  the  register 
output  and  the  other  port  tied  to  the  input/output  pins.  The 
device  outputs  are  three  open  collector,  active  HIGH  outputs 
representing  "equal  to",  "greater  than",  "less  than".  Provi- 
sion has  been  made  to  disable  these  outputs  (to  OFF  state)  by 
the  use  of  Status  Enable.  The  device  functions  are  controlled 
by  two  control  lines,  SoS-i,  to  execute  shift,  load,  hold,  and 
readout. 


A  mode  control  has  been  provide 
ment  as  well  as  magnitude  < 
and  parallel,  are  loaded  by  t 
An  output  is  also  provid 
commodate  wider  bit  fields  fttaroup 


to  allow  two's  comple- 
All  data  inputs,  serial 
edge  of  the  input  clock, 
ing  the  device  to  ac- 
ight  bits  per  device. 


Am25LS2525 

System  Clock  Generator  and  Driver 


DISTINCTIVE  CHARACTERISTICS 

•  Single  chip  clock  generator  and  driver 

•  Five  different  clock  output  waveforms  for  Am2900  and 
other  bipolar  and  MOS  systems 

•  Crystal  controlled  for  stable  system  operation 

•  Oscillatorto33MHz-  oscillatoroutputforexternal  system 
timing 

•  Clock  halt,  single-step  and  wait  controls 

•  Variable  cycle  lengths  -  1-of-8  different  cycle  lengths  may 
be  programmed 

•  20-Pin  package 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


LOGIC  DIAGRAM 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2525  is  a  single-chip  general  purpose  clock 
generator/driver.  It  is  controlled  by  a  crystal,  selected  by  the 
designer,  and  is  microprogrammable  to  meet  a  variety  of 
system  speed  requirements.  The  Am25LS2525  generates 
five  different  clock  output  waveforms  tailored  to  meet  the 
needs  of  Am2900  and  other  bipolar  and  MOS  microproces- 
sor based  systems.  Also,  variable  cycle  lengths  may  be  gen- 
erated under  microprogram  control.  One-of-eight  different 
cycle  lengths  may  be  microprogrammed  using  the  Cycle 
Length  inputs  LI,  L2,  and  L3. 

The  Am25LS2525  oscillator  runs  at  frequencies  up  to  33  MHz. 
An  input  pin  is  provided  for  a  tank  circuit  which  allows  the 
use  of  overtone  mode  crystals.  A  buffered  oscillator  output  is 
provided  for  external  system  timing. 

Clock  halt,  single-step  and  wait  contn 
Am25LS2525.  The  HALT  REQ 
clocks  resume  when  the  HAL 
SINGLE-STEP  input,  which 


are  halted,  generates 
REQ  input  stops 
"wait"  state.  I 
asynchron 
ACK  output  ii 
St 

ar 


Wi 


re  provided  for  the 
the  clocks;  the 
is  deactivated.  The 
when  the  clocks 
cycle.  The  WAIT 
Am25LS2525  in  a 
emain  stopped  until  an 
ignal  is  received.  The  WAIT 
Am25LS2525  is  in  the  "wait" 
READY  inputs  are  pulse  sensitive 
HALT  REQ  input. 


d^^elgtot  cycle  lengths  may  be  microprogrammed  using 
d  L3  inputs.  There  are  five  clock  output 
wavefoTms  for  each  of  the  eight  possible  cycle  lengths. 


LOGIC  SYMBOL 


CLEAR 
HLT 

SINGLE  STEP 
WAIT  REQ 
READY  C 


Am25LS2525 


CLOCK  OUTPUTS 


c2  c3 


VCC  =  P'n  20 
GND  =  Pin  10 


CONNECTION  DIAGRAM 
Top  View 


nnnnnnnnnn 


uuuuuuuuuu 

GND 

Note:  Pin  1  is  marked  for  orientation. 
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Am25LS2535 

Eight  Input  Multiplexer  With  Control  Register 


DISTINCTIVE  CHARACTERISTICS 

i  speed 


eight-input  multiplexer 
Multiplexer  Select  and  Polarity  Control  Register 
polarity  control  for  inverting  or  non-inverting 


High  < 
On-chip 
Output 
output 

Common  register  enable 
Asynchronous  register  clear 
Three-state  output  for  expansion 
Am25LS  features  improved  noise  margin,  higher  drive,  and 
faster  operation 

100%  product  assurance  screening  to  M I L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2535  is  an  eight-input  Multiplexer  with  Control 
Register.  The  device  features  high  speed  from  clock  to  output 
and  is  intended  for  use  in  high  speed  computer  control  units 
or  structured  state  machine  designs. 

The  Am25LS2535  contains  an  internal  register  which  holds 
the  A,  B  and  C  multiplexer  select  lines  as  well  as  the  POL 
(polarity)  control  bit.  When  the  Register  Enable  input  (RE)  is 
LOW,  new  data  is  entered  into  the  register  on  the  LOW-to- 
HIGH,  transition  of  the  clock.  When  RE  is  HIGH,  the  register 
retains  its  current  data.  An  asynchronous  clear  input  (CLR)  is 
used  to  reset  the  register  to  a  logic  LOW  level. 

The  A,  B  and  C  register  outputs  select  one  of  eight  multiplexer 
data  inputs.  A  HIGH  on  the  Polarity  Control  flip-flop  output 
causes  a  true  (non-inverting)  multiplexer  output,  and  a  LOW 
causes  the  output  to  be  inverted.  In  a  computer  control  unit, 
this  allows  testing  of  either  true  or  complemented  flag  data  at 
the  microprogram  sequencer  test  input. 

An  active  LOW  Multiplexer  Enable  input  (ME)  allows  the  se- 
lected multiplexer  input  to  be  passed  to  the  output.  When  ME 
is  HIGH,  the  output  is  determined  only  by  the  Polarity  Control 
bit. 

The  Am25LS2535  also  features  a  three-state  Output  Enable 
control  (OE)  for  expansion.  When  OE  is  LOW,  the  output  is 
enabled.  When  OE  is  HIGH,  the  output  is  in  the  high  imped- 
ance state. 


LOGIC  DIAGRAM 


m1 


3 


- 


t 


CONNECTION  DIAGRAM 
Top  View 

Vcc    Dj     02     D3     Ol      Y      D4  •  D5     Dg  D? 

nnnnnnnnnn 


LOGIC  SYMBOL 


1     19    18    17  14   13    12  11 


20     19     18      17     16     15     14      13     12  11 


1        23456789  10 


uuuuuuuuuu 

D0     ME     RE      A       C       8       CP    CLR   POL  GND 


Note:  Pin  1  is  marked  for  orientation. 


2   O 

ME  U 

A 

D2  D3  D4  D5  D6  D7  ^ 

6   

B 

RE 

CP 

C 

POL 

OE 

Y 

GND-  Pin  10 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  -  0°C  to  +70° C  VCC-5.0V±5%        MIN.  =  4.75  V     MAX.  =  5.25  V 

MIL  TA  =  -55°Cto+125°C        VCC  =  5.0V±10%       MIN.  -4.50  V      MAX.  -5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 
V|N-V|HorV|L 

MIL,  Ioh  = -2.0mA 

2.4 

3.4 

Volts 

COM'L,  Ioh  "  -6.5mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

VIN  =  vIH°rVIL 

Iql  =  4.0mA 

0.4 

Volts 

lOL  =  8.0mA 

0.45 

Iql  "  20mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

>IL 

Input  LOW  Current 

VCC  =  MAX., 
V|N  -0.4V 

ME",  OE,  RE 

-0.72 

mA 

DN,A,  B,  C,  POL,  CP.CLR 

-2.0 

•|H 

Input  HIGH  Current 

VCC  -  MAX., 
V|N  -2.7V 

ME,  51,  RE 

40 

MA 

DN,  A,  B,  C,  POL,  CP,  CUR" 

50 

Input  HIGH  Current 

VCC  "  MAX., 
V|N  =  5.5V 

Mb,  OE",RE 

0.1 

mA 

DN,  A,  B,  C,  POL,  CP.CLR 

1.0 

'oZ 

Off-State  (High-Impedance) 
Output  Current 

VCC  =  MAX. 

VO  =  0.4V 

-50 

uA 

V0  =  2.4V 

50 

'SC 

Output  Short  Circuit  Current 
(Note  31 

VCC  '  MAX. 

-40 

-100 

mA 

'cc 

Power  Supply  Current 
(Note  4) 

VCC  *  MAX. 

97 

148 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  D-]  —  D7,  A,  B,  C,  POL,  ME,  CLR  at  GND.  All  other  inputs  and  outputs  open. 
Measured  after  a  momentary  ground  then  4.5  V  applied  to  clock  input. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65oCto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +Vcc  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current 

-30mA  to  +5.0mA 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 

Parameters  Description 


Min. 


Typ. 


Max. 


Units 


Test  Conditions 


*PLH 

Clock  to  Y  POL  -  LOW 

21 

32 

ns 

*PHL 

19 

29 

tpLH 

Clock  to  Y  rUL  -  Hllarl 

16 

24 

ns 

*PHL 

19 

29 

tpLH 

Dn  toY 

10 

16 

ns 

tpHL 

13 

19 

tpLH 



CLR  to  Y 

22 

33 

ns 

CL  =  15pF 

*PHL 

22 

33 

RL  =  2.0kn 

*PLH 



ME  to  Y 

12 

18 

ns 

*PHL 

12 

18 

tZL 

8 

14 

ns 

tZH 



OE  to  Y 

8 

14 

tLZ 

10 

17 

CL  =  5.0pF 

tHZ 

10 

17 

RL  =  2.0kfl 

A,  B,  C,  POL 

10 

ns 

ts 

RE 

15 

»s 

CLR  Recovery 

5 

ns 

CL  =  15pF 

*pw 

Clock 

10 

ns 

RL  =  2.0M1 

Clear  (LOW) 

10 

«h 

A,  B,  C,  POL,  RE 

0 

ns 

SWITCH 
OVER  O 

Paramete 

NG  CHARACTERISTICS 
DERATING  RANGE* 

rs  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70°C 
VCc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55X  to  +125X 
Vcc  =  5.0V  ±10% 
Min.  Max. 

tpLH 

Clock  to  Y,  POL-L 

40 

47 

ns 

CL  =  50pF 
RL  =  2.0kfi 

tpHL 

34 

38 

*PLH 

Clock  to  Y,  POL-H 

29 

33 

ns 

tpHL 

35 

41 

*PLH 

Dn  to  Y 

19 

21 

ns 

tpHL 

22 

24 

*PLH 

CLR  to  Y 

39 

45 

ns 

tpHL 

39 

45 

*PLH 

ME  to  Y 

22 

26 

ns 

*PHL 

tZL 

OE  to  Y 

19 

24 

ns 

*ZH 

22 

29 

tLZ 

OE  to  Y 

24 

30 

ns 

CL  =  5.0pF 
Ru  =  2.0kn 

*HZ 

24 

30 

»S 

A,  B,  C  POL 

11 

12 

ns 

CL  =  50pF 
RL  =  2.0kil 

RE 

18 

20 

ts 

CLR  Recovery 

6 

7 

ns 

Clock 

11 

12 

ns 

Clear  (LOW) 

11 

12 

tH 

A,  B,  C,  POL,  RE 

3 

3 

ns 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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FUNCTION  TABLE 


MODE 

INPUTS 

INTERNAL 

INPUTS 

OUTPUT 

C 

B 

A 

POL 

RE 

CLR 

CP 

Qc 

Qa 

Qpol 

ME 

OE 

Y 

Clear 

X 

X 

X 

X 

X 

L 

X 

L 

L 

L 

L 

H 

L 

H 

1 

1 

L 

L 

DO 

X 

H 

Z 

Reg.  Disable 

X 

X 

X 

X 

H 

H 

X 

NC 

NC 

NC 

NC 

L 

L 

Dj/Dj 

(Note  1) 

Select 

L 

L 

L 

L/H 

L 

H 

L 

L 

L 

L/H 

L 

L 

D0/D0 

(Multiplex) 

L 

L 

H 

L 

L 

H 

5,/D, 

L 

H 

L 

L 

H 

L 

D2/D2 

L 

H 

H 

L 

H 

H 

D3/D3 

H 

L  1 

L 

H 

L 

L 

□4/D4 

H 

L 

H 

H 

L 

H 

D5/D5 

H 

H 

L 

H 

H 

L 

D6/D6 

H 

H 

H 

H 

H 

H 

D7/D7 

Multiplexer 
Disable 

> 

( 

) 

< 

) 

( 

) 

( 

; 

< 

^ 

< 

X 
X 

X 
X 

X 
X 

L 
H 

H 
H 

L 
L 

H 
L 

Tri-state 

Output 

Disable 

X 

X 

X 

X 

X 

H 

Z 

NC  =  No  Change 
X     -  Don't  Care 


Note  1  :  The  output  will  follow  the  selected  input,  Djr  or  its  complement  depending  on  the  state  of  the  POL  flip-flop. 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B,  C  Multiplexer  Select  Lines.  One  of  eight  multiplexer 
data  inputs  is  selected  by  the  A,  B  and  C  register 
outputs. 

POL  Polarity  Control  Bit.  A  HIGH  register  output  causes 
a  true  (non-inverted)  output  and  a  LOW  causes  the 
output  to  be  inverted. 

ME  Multiplexer  Enable.  When   LOW,  it  enabled  the 

8-input  multiplexer.  When  HIGH,  the  Y  output  is 
determined  by  only  the  Polarity  Control  bit. 

RE  Register  Enable.  When  LOW,  the  Multiplexer  Select 

and  Polarity  Control  Register  is  enabled  for  loading. 
When  HIGH,  the  register  holds  its  current  data. 


CLR         Clear.  A  LOW  asynchronously  resets  the  Multiplexer 
Select  and  Polarity  Control  Register. 

D1-D8      Data  Inputs  to  the  8-input  multiplexer. 

CP  Clock  Pulse.  When  RE  is  LOW,  the  Multiplexer 

Select  and  Polarity  Control  Register  changes  state 
on  the  LOW-to-HIGH  transition  of  CP. 

OE  Output  Enable.  When  LOW,  the  output  is  enabled. 

When  HIGH,  the  output  is  in  the  high  impedance 
state. 

Y  The  chip  output. 
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Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  OUTPUT 


Note:  Actual  current  flow  direction  shown. 


Metallization  and  Pad  Layout 


CLR  8 
POL  9 


°7 
°6 


-m  5B3S  % 


D5  13 


18 
17 
16  Of 


°2 
°3 


DIE  SIZE  0.080"  X  0.099" 


APPLICATION 


FROM  PIPELINE 
REGISTER 


s0 
St 

PUP 
FE 


r 


UNCONDITIONAL 


A  versatile  one-of-sixteen  Test  Select  with  Polarity  Control  and  Test  Select  Hold. 
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Eight-Bit  Decoder  With  Control  Storage 


DISTINCTIVE  CHARACTERISTICS 

•  8-bit  decoder/demultiplexer  with  control  storage 

•  3-state  outputs 

•  Common  clock  enable 

•  Common  clear 

•  Polarity  control 

•  Advanced  Low  Power  Schottky  Process 

•  1009?i  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2536  is  an  eight-bit  decoder  with  control  stor- 
age. It  provides  a  conventional  8-bit  decoder  function  with 
two  enable  inputs  which  may  also  be  used  for  data  input. 
This  can  be  used  to  implement  a  demultiplexer  function.  In 
addition,  the  exclusive  "OR"  gate  allows  for  polarity  control 
of  the  selected  output.  The  3-state  outputs  are  enabled  by  a 
LOW  on  the  (OE)  output  enable. 

The  three  control  bits  representing  the  output  selection  and 
the  single  bit  polarity  control  are  stored  in  "D"  type  flip-flops. 
These  flip-flops  have  both  Clear,  Clock,  and  Clock  Enable 
functions  provided.  The  and  G2  input  provide  either  polar- 
ity for  input  control  or  data. 


LOGIC  DIAGRAM 
8-Bit  Decoder/Demultiplexer  with  Control  Storage 


CLOCK 
ENABLE 
CE 


CONNECTION  DIAGRAM 


VCC    =1     02     V7     V6     Y5     V4     V3     V2  Y, 

nnnnnnnnnn 


20      19      18      17      16      15      14      13      12  11 


1        234        5       6        789  10 

uuuuuuuuuu 

CP    CLR     CE      ABC      POL    OC      V0  GMD 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


0E  Y0 

 9 

19  — -O 

Gl 

Yl 

13  

G2 

Y2 

 12 

3  — O 

CE 

Y3 

 13 

Y4 

 14 

2   0 

CLR 

Y5 

  15 

1   

CP 

Ye 

  16 

Y? 

  17 

A 

B     C  POL 

r 

4 

1    !  1 

5     6  7 

VCC  =  20 
GND  =  10 
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ELECTRICAL 

The  Following 

COM'U  TA 

mil       ta  - 


CHARACTERISTICS 

Conditions  Apply  Unless  Otherwise  Specified: 


o°c  to  +  70°  C 
-55°C  to  +125° C 


Ml  N.  -  4.75  V 
Ml  N.  -  4.50  V 


MAX.  -  5.25  V 
MAX.  -  5.50  V 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Typ. 


Parameters 

Description 

Test  Conditions  (Note  i) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  m  MIN. 

lOH  =  -2.6mA,  COM'L 

2.4 

3.2 

Volts 

V|N  *  V|H  or  VIL 

Iqh  =  -1.0mA,  MIL 

2.4 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN. 

l0L  =  24mA,  COM'L 

0.4 

0.5 

Volts 

V|N=V|HorV|L 

l0L  B  12mA,  MIL 

0.35 

0.4 

Viu 
v  IH 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

\/i  i 
VIL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

voltage  for  all  inputs 

COM'L 

0.8 

vl 

Input  Clamp  Voltage 

VCC  =  MIN„  lIN  =  - 

18mA 

—1 .5 

Volts 

hi 

Input  LOW  Current 

VCC  "  MAX.,  V|N  =  0.4V 

-0.4 

mA 

■1H 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  -  2.7V 

20 

MA 

l| 

Input  HIGH  Current 

VCC  1  MAX.,  V|N  =  7.0V 

0.1 

mA 

•o 

Off -State  (High-Impedance) 

VCC  =  MAX. 

V0  "  0.4  V 

-20 

ma 

Output  Current 

V0  -  2.4  V 

20 

•sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  =  MAX. 

37 

56 

mA 

Notes:  1 .  For 
2. 

3.  Not 

4.  Test 


don 
Typica 


ditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
I  limits  are  at  Vqq  =  5.0  V,  25°  C  ambient  and  maximum  loading, 
more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
:onditions:  A  =  B=  C  =  G1-  G2  =  OE  =  CE  =  GND:  CLK  =  CLR  =  POL  -4.5  V. 


MAXIMUM 


RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  Cto  +150  C 


Temperature  (Ambient)  Under  Bias 


-55  Cto  +125  C 


Supply  Voltage  to  Ground  Potential  Continuous 


-0.5V  to  +7.0V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


—0.5V  to  +V(x  max- 


DC  Input  Voltage 


-0.5V  to  +7.0V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input  Current 


-30mA  to  +5.0mA 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  Vcc  =  5.0V) 

Parameters  Description  Min.       Typ.       Max.       Units  Test  Conditions 


»PLH 

G,  to  Y0  -  Y7 

17 

25 

ns 

Ru  -  667a 

— I  

'PLH 

£J 

tpLH 

G2  to  Y„  -  Y7 

20 

30 

ns 

tpHL 

26 

39 

tpLH 

CP  to  Y0  Y7 

24 

36 

ns 

tpHL 

30 

45 

tpLH 

CLR  to  Y0  Y7 

24 

36 

ns 

tpHL 

31 

46 

t5 

Clock  Enable  to  CP 

25 

ns 

*h 

0 

's 

A,  B,  C,  POL  to  CP 

1  o 
0 

ns 

th 

«HZ 

OE  to  Y0  -  Y7 

9 

14 

ns 

CL  =  45pF 
RL  =  66711 

tLZ 

11 

17 

tZH 

OE  to  Y0  -  Y7 

15 

22 

ns 

CL  =  45pF 
RL  =  667fl 

tzL 

16 

24 

ts 

Set-up  Time,  Clear  Recovery  to  CP 

20 

ns 

'pw 

Pulse  Width 

Clock 

15 

ns 

Clear 

15 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 


Parameters  Description 

Am26LS  COM'L 

Am25LS  MIL 

Units    Test  Conditions 

TA  =  0°C  to  +70°C 
Vcc  =  5.0V  ±5% 
Min.  Max. 

TA  =  -55°C  to  +125°C 
Vcc  =  5.0V  ±10% 
Min.  Max. 

*PLH 

Q1  to  Y0  -  Y7 

29 

31 

ns 

CL  =  45pF 
RL  =  667n 

*PHL 

39 

42 

tpLH 

G2  to  Y0  Y7 

34 

37 

ns 

•PHL 

44 

48 

lPLH 

CP  to  Y0  -  Y7 

40 

42 

ns 

*PHL 

51 

55 

•PLH 

CLR  to  Y0  -  Y7 

47 

54 

ns 

tpHL 

58 

66 

ts 

Clock  Enable  to  CP 

27 

30 

ns 

th 

0 

0 

ts 

A,  B,  C,  POL  to  CP 

17 

20 

ns 

«h 

0 

0 

«HZ 

OE  to  Y0  -  Y7 

17 

18 

ns 

CL  =  5.0pF 
R[_  =  667fi 

tLZ 

27 

34 

«ZH 

OE  to  Y0  -  Y7 

25 

27 

ns 

CL  =  5.0pF 
RL  =  6670 

«ZL 

28 

30 

t5 

Set-up  Time,  Clear  Recovery  to  CP 

23 

25 

ns 

tpw 

Pulse  Width 

Clock 

17 

20 

ns 

Clear 

15 

15 

*AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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FUNCTION  TABLE 


Mode 


Output 
Disable 


Inputs 


C  B  A  POL  CE  CLR  G*  OE  CP 


X  X 
X  X 


X  X 
X  X 


XXX 


L  L  L 

L  L  H 

L  H  L 

L  H  H 

H  L  L 

H  L  H 

H  H  L 

H  H  H 

L  L  L 

L  L  H 

L  H  L 

L  H  H 


H  L 

H  L 

H  H 

H  H 

X  X 

x  x 


Internal 

Registers 


Qc   Qb  Qa  Qpol 


L  L 
L  L 


NC      NC   NC  NC 


NC      NC    NC  NC 


Three-State  Outputs 


Yfj  Y,  Y2  Y3  Y4  Y5  Y6  Y7 


H  H 
H  H 


H  H 
H  H 


H  H 
H  H 


NC   NC   NC   NC    NC    NC    NC  NC 


G2 

G 

L 

■  L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

NC  =  No  Change      X  =  Don't  Care      Z  =  High-Impedance      t  :  Low-to-High  Transition 


DEFINITION  OF  TERMS 
CLR 


CP 


CE 


CLEAR  -  When  the  CLEAR  input  is  LOW,  the  control 
register  outputs  (QA,  QB,  Qc,  Qpol)  are  se*  LOW 
regardless  of  any  other  inputs. 

CLOCK  -  Enters  data  into  the  control  register  on  the 
LOW-to-HIGH  transition. 


CLOCK  ENABLE^-  Allows  data  to  enter  the  control 
register  when  CE  is  LOW.  When  CE  is  HIGH,  the  Q, 
outputs  do  not  change  state,  regardless  of  data  or 
clock  input  transitions. 

A,B,C  Inputs  to  the  control  register  which  are  entered  on 
the  LOW-to-HIGH  clock  transition  if  CE  is  LOW. 

POL  Input  to  the  control  register  bit  used  for  determin- 
ing the  polarity  of  the  selected  output. 

Active  LOW  part  of  the  expression  G  =  G-|G2  [or  G  = 
(G-|)  G2]  where  G  is  either  data  input  for  the  selected 
Yn  or  is  used  as  an  input  enable. 

G2       Active  HIGH  part  of  the  expression  G  =  G-,G2. 

Yn  The  three-state  outputs.  When  active  (OE  =  LOW), 
one  of  eight  outputs  is  selected  by  the  code  stored  in 
the  control  register,  with  the  polarity  of  all  eight 
determined  by  the  bit  stored  in  the  POL  flip-flop  of 
the  control  register.  The  selected  output  can  further 
be  controlled  by  G  according  to  the  expression 

^SELECTED  =  G  e  QPOL. 
51  OUTPUT  ENABLE.  When  OE  is  HIGH  the  Y„  outputs 
are  in  the  high  impedance  state;  when  OE  is  LOW 
the  Yn's  are  in  their  active  state  as  determined  by  the 
other  control  logic.  The  OE  input  affects  the  Yn  out- 
put buffers  only  and  has  no  effect  on  the  control 
register  or  any  other  logic. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.084"  X  0.099" 
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One-Of-Ten  Decoder  With  Three-State  Outputs  And  Polarity  Control 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs 

•  Separate  output  polarity  control 

•  Inverting  and  non-inverting  enable  inputs 

•  Does  not  respond  to  codes  above  nine 

•  A.C.  parameters  specified  over  operating  temperature  and 
power  supply  ranges 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


LOGIC  DIAGRAM 


A 


A 


A 


tttt 


A  El        E2  POL 


i 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2537  is  a  demultiplexer/one-of-ten  decoder  that 
accepts  four  active  high  BCD  inputs  and  selects  one-of-ten 
mutually  exclusive  outputs.  The  device  features  three-state 
outputs  as  well  as  a  buffered  common  polarity  control  such 
that  the  outputs  are  mutually  exclusive  active-low  or  mutually 
exclusive  active-high.  The  logic  design  of  the  Am25LS2537 
ensures  that  all  outputs  are  unselected  when  the  binary  codes 
greater  than  nine  are  applied  to  the  inputs.  The  inputs  A,  B, 
C,  and  D  of  the  Am25LS2537  correspond  to  the  respective 
binary  weight  of  1,  2,  4,  and  8. 

The  output_enable  (OE)  input  controls  the  three-state  outputs. 
When  the  OE  input  is  HIGH,  the  outputs  are  in  the  high  im- 
pedance state.  When  the  OE  input  is  LOW,  the  outputs  are 
enabled.  The  polarity  (POL)  input  is  used  to  drive  the  Y  out- 
puts to  either  the  active-HIGH  state  or  the  active-LOW  state. 
When  the  POL  input  is  LOW,  the  outputs  are  active-HIGH. 
When  the  POL  input  is  HIGH,  the  Y  outputs  are  active-LOW. 
The  device  features  one  active-HIGH  and  one  active-LOW 
enable  input  which  can  be  used  for  gating  the  decoder  or  can 
be  used  with  incoming  data  for  demultiplexing  applications. 

The  Am25LS2537  is  packaged  in  a  space  saving  (0.3-inch  row 
spacing)  20-pin  package.  The  device  also  features  Am25LS 
family  faster  switching  specifications,  higher  noise  margin, 
and  twice  the  fan-out  over  the  military  temperature  range 
when  compared  with  Am54LS/74LS  devices. 


LOGIC  SYMBOL 


3    2     1     19   18    8    9    11    12  13 


VCC  =  Pin  20 
GND  =  Pin  10 


CONNECTION  DIAGRAM 
Top  View 


VCC   Y3    Y4     D      c     E1     "    Y9     Y8  Y7 

nnnnnnnnnn 

20      19     18      17      16      15     14      13      12  11 


1       23456789  10 


UUUUUUUUUU 

Y,     Yi     Yn    POL    OE      A       B      Ye     Yfi  GNO 


Note:  Pin  1  is  marked  for  orientation. 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

=  0°Cto+70°C  VCC  =  5.0V±5%        MIN.  =  4.75V     MAX.  "5.25V 

-55°C  to  +125° C       VCC  =  5.0V±10%      MIN.  =  4.50V     MAX.  «  5.50V 


COM'L  =  TA  = 
MIL  -TA 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 

Parameters  Description  Test  Conditions  (Note  i) 


Min. 


Typ. 

(Note  21 


Max. 


Units 


VOH 

Output  HIGH  Voltage 

Vcc  -  MIN. 

V|N  =  V|H  or  V|L 

MIL,  Iqh  =  -10mA 

2.4 

3.4 

Volts 

COM'L,  l0H  -  -2.6mA 

2.4 

3.4 

vol 

Output  LOW  Voltage 
(Note  5) 

VCC  =  MIN. 

VIN  "  VIH  °r  VIL 

'OL  =  4.0mA 

0.4 

Volts 

Iql  =  8.0mA 

0.45 

Iql  "  12mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  =  MIN..  I,N  =  -18mA 

-1.5 

Volts 

•lL 

Input  LOW  Current 

VCC  =  MAX..  V|N=  0.4  V 

-0.36 

mA 

"IH 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =2.7V 

20 

MA 

>l 

Input  HIGH  Current 

VCC  =  MAX..  V|N  =  7.0V 

0.1 

mA 

'OZ 

Off-State  (High-Impedance) 
Output  Current 

VCC  *  MAX 

VO  =  0.4V 

-20 

fA 

V0  =  2.4  V 

20 

<sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

'cc 

Power  Supply  Current 
(Note  4) 

Vcc  °  MAX. 

25 

40 

mA 

Notes:  1.  For 

2.  Typica 

3.  Not 

4.  Test 
5-  VOL 


tions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 
I  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second, 
conditions:  A=B  =  C=  D  =  E1=  GND;  E2  =  POL  =  OE  =  4.5  V. 
specified  with  total  device  Iql  ~  60mA  (max.). 


condi 
ical  li 
more 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7.0  V 

DC  Voltage  Ap 

plied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Volta 

ge 

-0.5  V  to  +7.0  V 

DC  Output  Cur 

rent.  Into  Outputs 

30  mA 

DC  Input  Curre 

nt 

-30  mA  to  +5.0  mA 
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tPHL 

t%  O,         LI  iU    I  j 

17 

25 

ns 

'PLH 

19 

28 

ns 

tPHL 

21 

31 

'PLH 

E2  to  Yj 

21 

31 

ns 

CL  -  1SpF 

IPHL 

23 

34 

RL  =  2.0  kil 

tPLH 

POL  to  Yj 

18 

27 

ns 

«PHL 

21 

31 

tZH 

61  Control  to  Yj 

22 

33 

ns 

tZL 

14 

21 

tHZ 

OE  Control  to  Y| 

19 

28 

ns 

C|_  =  5.0pF 

tLZ 

23 

34 

Rl  =  2.0kn 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Parameters  Description 

Am25LS  COM'L 

Am25LS  MIL 

Units         Test  Conditions 

Ta  -  0°C  to  +70°C 
VCC  =  5.0V  ±  5% 
Min.  Max. 

TA  =  -550Cto+125°C 
VCC  =  5.0V±  10% 

Min.  Max. 

tPLH 

A,  B,  C,  D  to  Y, 

41 

48 

ns 

CL  =  50pF 
R[_  »  2.0ki2 

tPHL 

32 

39 

tpLH 
tPHL 

34 

40 

ns 

38 

45 

tPLH 

E^to  Y| 

38 

45 

ns 

tPHL 

42 

49 

tPLH 

POL  to  Y, 

32 

37 

ns 

tPHL 

42 

52 

tZH 

OE  Control  to  Yj 

44 

55 

ns 

tZL 

23 

25 

tHZ 

OE  Control  to  Yj 

33 

37 

ns 

CL  =  5.0pF 
RL  -  2.0kf2 

tLZ 

38 

42 

•AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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H 

L 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

Active-HK 

3H  Output 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 
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H 

H 

L 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 
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H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 
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l_ 

H 

H 

H 
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L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

H 

H 

H 

L 
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H 

H 

H 

H 

H 

H 

H 

H 

K 

H 

H 

L 

L 

H 

H 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

H 

H 
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H 
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H 

H 
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H 

H 
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H 
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L 
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H 
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L 

H 

H 

H 

H 

H 
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H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H  =  HIGH 
L  =  LOW 


X  =  Don't  Care 

Z  =  High  Impedance 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B.  C.  D 

To  select  inputs  to  the  decoder. 

POL 

The  polarity  control  for  the  output  function. 

When  the  polarity  control  is  HIGH,  the  outputs 

E1 

The  active-LOW  enable  input.  A  HIGH  on  the  El 

are  active-LOW.  When  the  POL  input  is  LOW, 

input  inhibits  the  decoder  function  regardless  of 

the  outputs  are  active-HIGH. 

any  other  inputs. 

OE 

Output  Enable.  An  active-LOW  three-state  control 

used  to  enable  the  outputs.  A  HIGH  level  input 

E2 

The  active-HIGH  enable  input.  A  LOW  on  the  E2 

forces  the  output  to  the  high  impedance  (off) 

input  forces  all   the   decoder  functions  to  the 

state. 

inactive  state  regardless  of  any  other  inputs. 

Decoder  outputs.  The  ten  outputs  of  the  decoder. 
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Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


Metallization  and  Pad  Layout 


V5  8 


DIE  SIZE  0.081"  X  0.096" 


17  D 

16  C 

15  IT 

14  E2 


13  V9 
12  Y8 
11  V, 


APPLICATIONS 


Am25LS2537 


V0  YT    Y2  V3  Y4  YS    Y6  Y?  Y8  Yg 


123456789  10 


A       B       C  D 


Am25LS2537 


Y0  V,    Y2  Y3  Y„  Y5  Y6  Y,  Ye  Y, 


11    12    13   14    15    16    17    18    19  20 


One-of-Twenty  Decoder  with  Active-High  or  Active-Low  Output  Polarity. 
Could  be  used  for  I/O  Decoding  in  an  Am9080A  system. 


BCD  to  Decimal  (One-of-Ten)  Decoder. 
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Am25LS2538 

One-of-Eight  Decoder 
With  Three -State  Outputs  And  Polarity  Control 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  decoder  outputs 

•  Buffered  common  output  polarity  control 

•  Inverting  and  non-inverting  enable  inputs 

•  A.  C.  parameters  specified  over  operating  temperature  and 
power  supply  ranges 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2538  is  a  three-line  to  eight-line  decoder/ 
demultiplexer  fabricated  using  advanced  Low-Power  Schottky 
technology.  The  decoder  has  three  buffered  select  inputs— 
A,  B,  and  C— that  are  decoded  to  one-of-eight  Y  outputs.  Two 
active-HIGH  and  two  active- LOW  enables  can  be  used  for 
gating  the  decoder  or  can  be  used  with  incoming  data  for 
demultiplexing  applications. 

A  separate  polarity  (POL)  input  can  be  used  to  force  the 
function  active-HIGH  or  active- LOW  at  the  output.  Two 
separate  active-LOW  output  enables  (OE)  inputs  are  provided. 
If  either  OE  input  is  HIGH,  the  output  is  in  the  high  impedance 
(off)  state.  When  the  POL  input  is  LOW,  the  Y  outputs  are 
active-HIGH  and  when  the  POL  input  is  HIGH,  the  Y  outputs 
are  active-LOW. 

The  device  is  packaged  in  a  space  saving  (0.3-inch  row 
spacing)  20-pin  package.  It  also  features  Am25LS  family 
improved  switching  specifications,  higher  noise  margin,  and 
twice  the  fan-out  over  the  military  temperature  range  when 
compared  with  Am54LS/74LS  devices. 


LOGIC  DIAGRAM 
One-of-Eight  Decoder 


CONNECTION  DIAGRAM 
Top  View 

VCC    V3     Y4      C      E,      E2     E3     E„    POL  V, 

nnnnnnnnnn 

20     19     18     17      16      15     U      13     12  11 


2       3       4       5       6       7       8       9  to 

UUULJLJULIUULJ 

Y2     Y,     YQ    OE,   0E2    A      B      Y5     Y6  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


i_L 


ABC 


2  Y0  Yl   Y2  Y3  V4  Y5  Y6  '» 


2     1    19   18    8     9  11 
VCC  =  Pin  20 
GND  =  Pin  10 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  =  0°C  to +70°C  VCC-5.0V±5%        MIN.=4.75V     MAX.  -  5.25  V 

MIL  TA  =  -55°Cto-M25°C        VCC  =  5.0V±10%       Ml  N.  -  4.50  V      MAX.  -5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE  Typ 

Parameters  Description  Test  Conditions  (Note  n  Min.       (Note  2)       Max.  Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN. 

V|N  =  V|HorV)L 

Iqh  '  -1.0mA  (MIL) 

2.4 

3.4 

Volts 

lOH  "  -2.6mA  (COM'L) 

2.4 

3.4 

vol 

Output  LOW  Voltage 
(Note  51 

VCC  =  MIN. 
vIN=V|HorV|L 

Iql  =  4.0mA 

0.4 

Volts 

lOL  =  8.0mA 

0.45 

Iql  =  12mA 

0.5 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N-  -18mA 

-1.5 

Volts 

l|L 

Input  LOW  Current 

VCC  =  MAX.,  V|N=0.4V 

-0.36 

mA 

'|H 

Input  HIGH  Current 

VCC  *  MAX.,  V|N  -  2.7V 

20 

MA 

'i 

Input  HIGH  Current 

Vcc  =  MAX.,  VIN  =  7.0V 

0.1 

mA 

ioz 

Off-State  (High-Impedance) 
Output  Current 

VCC  "  MAX. 

V0  =0.4V 

-20 

<iA 

V0  =2.4V 

20 

"sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  "  MAX. 

-15 

-85 

mA 

ice 

Power  Supply  Current 
(Note  4) 

VCC  -  MAX. 

21 

34 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Test  conditions:  A  =  B  =  C  =  E1  =  E2  =  GN D  :  E3  =  E4  =  POL  =  OE-|  *  OE2  =  4.5V. 

5.  Vql  is  specified  with  total  device  Iql  =  60mA  (max.). 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+H 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +12 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5Vto+VCc  " 

DC  Input  Voltage 

-0.5  V  to  +7.1 

DC  Output  Current,  Into  Outputs 

30  m, 

DC  Input  Current 

-30  mA  to  +5.0  m A 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25°C.  VCC  =  5.0V) 

Parameters  Description 


Min. 


Typ. 


Max. 


Units 


Test  Conditions 


tPLH 

A,  B,  C  to  Yj 

20 

30 

ns 

1  

C|_  =  15pF 
R  L  ~  2.0k« 

'PHL 

1 5 

22 

«PLH 

ET.  E^toYi 

19 

28 

ns 

'PHL 

20 

30 

lPLH 

E3,  E4  to  Yj 

21 

31 

ns 

lPHL 

23 

34 

tPLH 

POL  to  Yj 

16 

24 

ns 

<PHL 

20 

30 

<ZH 

OTf,  OE^toYj 

17 

25 

ns 

«ZL 

14 

21 

'HZ 

OTv  OE^to  Yj 

17 

25 

ns 

CL  =  5.0pF 
R[_  =  2.0kS2 

<LZ 

20 

30 

SWITCHING 
OVER  OPEF 

CHAR  AC  r  ERIS I  ICS 
iATING  RANGE* 

Am25LS  COM'L 

Am25LS  MIL 

TA  =  0°Cto  +70°  C 
Vcc  =  5.0V  ±  5% 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  ±  10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

<PLH 

A,  B,  C  to  Yj 

36 

42 

ns 

tPHL 

29 

37 

'PLH 

Eli  ^2  to  Yj 

39 

ns 

tPHL 

38 

45 

tPLH 

E3,  E4  to  Yj 

38 

45 

ns 

CL  =  50pF 

tPHL 

43 

52 

RL  =  2.0kS2 

tPLH 

POL  to  Y, 

29 

34 

ns 

tPHL 

39 

49 

»ZH 

OE~i,  OE^  to  Yj 

38 

45 

ns 

tZL 

23 

25 

<HZ 

Offj .  OE^  to  Yj 

29 

33 

ns 

C|_  =  5.0pF 

<LZ 

33 

36 

Rj_  -  2.0kS2 

AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
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—    t  ,   -  ...fJXJ,^*.      it       I  <  •  W  I   I  UM 

either  the  E-|  or  E2  input  forces  all  decoded 
functions  to  be  disabled. 

^3.  E4  The  active  LOW  enable  inputs.  A  LOW  on 

either  E3  or  E4  inputs  forces  all  the  decoded 
functions  to  be  inhibited. 

POL  Polarity  Control.  A  LOW  on  the  polarity  con- 


nipui  iuicks  uie  1  outputs  to  tne  acuve-LUVV 
state. 

OE1,OE2  Output  Enable.  When  both  the  6T1  and  OE2 
inputs  are  LOW,  the  Y  outputs  are  enabled.  If 
either  0E-|  or  0E2  input  is  HIGH,  the  Y  out- 
puts are  in  the  high  impedance  state. 

Y:  The  eight  outputs  for  the  decoder/demultiplexer. 





FUNCTION  TABLE 


CI  IklPTIAM 

INPUTS 

OUTPUTS 

OE-, 

OE2 

El 

E2 

E3 

POL 

c 

B 

A 

Yfj 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y? 

High  Impedance 

H 

X 

X 
H 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

X 
X 

z 
z 

z 
z 

Z 
Z 

Z 
Z 

Z 

z 

z 
z 

z 
z 

z 
z 

L 

L 

H 

X 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

-  L 

L 

L 

L 

L 

H 

X 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

H 

X 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

Disable 

L 

L 

X 

H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

L 

X 

L 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

L 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

X 

X 

X 

L 

L  * 

X 

X 

X 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

X 

X 

X 

L 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

Active-HIGH  Output 

L 

L 

L 

L 

H 

H 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

L 

H 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H 

H 

Active-LOW  Output 

L 

L 

L 

L 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H 

L 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

H 

L 

Z  =  High  Impedance 
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APPLICATIONS 


ABC       0  E 


ABC       E]  E2 
E4 


;' 


1, 


ABC      E3  E! 

E4 
E2 


T 


ABC  E1  E3 
E4 
E2 

1 


T 


ABC       E3  E, 


T 


One-of-thirty  two  decoder  without  additional  decoding  devices. 
Can  be  used  for  I/O  decoding  in  an  Am9080A  system. 


-O  E 1 
  POL 


A  B  C  E, 


Am25LS2538 


V,      V,  V. 


-O  E, 
  POL 


2     Y3     Y4     T5     T6  "7 


A         B         C  E- 


Yd     Ys  V. 


0       1       2       3       4       5       6  7 


16  BIT  DATA  BUS 


Am2901 
MICROPROCESSOR 
ARRAY 


Two  Am25LS2538s  can  be  used  to  perform  a  one-of-sixteen-bit  mask  function  or  a  one-of-sixteen-bit 
select  function  to  perform  bit  manipulation  in  a  microprocessor  system. 


Examples: 


D 

C 

B 

A 

POL 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1011  12131415 

Function 

[0 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0    0    0    0    0  0 

Bit  Select 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0    0    1    0    0  0 

Bit  Select 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 

0 

1 

1 

1 

111111 

Bit  Mask 

1 

0 

1 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0  11111 

Bit  Mask 
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Dual  One-Of-Four  Decoder  With  Three-State  Outputs  And  Polarity  Control 


DISTINCTIVE  CHARACTERISTICS 

•  Two  independent  decoders/demultiplexers 

•  Three-state  outputs 

•  Buffered  common  polarity  control 

•  A.  C.  parameters  specified  over  operating  temperature  and 
power  supply  ranges 

•  100%  product  assurance  screening  to  MIL-SI 


requirements 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2539  is  a  dual  two-line  to  four-line  decoder/ 
demultiplexer  fabricated  using  advanced  Low-Power  Schottky 
technology.  Each  decoder,  has  two  buffered  select  inputs— 
A  and  B  which  are  decoded  to  one-of-four  Y  outputs.  An 
enable  input  (E)  is  used  for  gating  or  can  be  used  as  a  data 
input  for  demultiplexing  applications.  When  the  enable  input 
goes  HIGH,  all  four  decoder  functions  are  inhibited. 

An  output  enable  (OE)  input  is  used  _to  control  the  three- 
state  outputs  of  the  device.  When  the  OE  input  is  LOW,  the 
outputs  are  enabled.  When  the  OE  input  is  HIGH,  the  outputs 
are  in  the  high  impedance  (off)  state.  The  device  also  has 
separate  buffered  polarity  (POL)  inputs  to  force  the  outputs 
to  either  an  active-HIGH  state  or  an  active-LOW  state.  When 
the  POL  input  is  LOW,  the  outputs  are  active-HIGH  and  when 
the  POL  input  is  HIGH,  the  outputs  are  active-LOW.  The 
device  is  packaged  in  a  space  saving  (0.3  inch  row  spacing) 
20-pin  package.  The  device  features  Am25LS  family  improved 
switching  specification,  higher  noise  margin,  and  twrce  the 
fan-out  over  the  military  temperature  range  when 
with  Am54LS/74LS  devices. 


LOGIC  DIAGRAM 


LOGIC  SYMBOLS 


IB  1A 

I! 


13  6  7 


12     11       9  8 


3       2       1  19 


Vcc  =  Pin  20 
GND  =  Pin  10 


2B  2A 


II 


CONNECTION  DIAGRAM 
Top  View 


Vcc    2Y3     ?B      3A      3E      IE      10E    1  POL  1Y0  lYi 

nnnnnnnnnn 

20     19     18     17     16      15     14      13     12  11 


234567B9  10 

uuuuuuuuuu 

2Yj    2Yi     2Yq  2  POL  2DE     1A      IB      1Y3     1Y2  GND 


Note:  Pin  1  is  marked  for  orientation. 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 


COM'L     Ta  =  0  C  to  +70  C 


-  5.0  V  ±5% 


-55  C  to +125  C       VCC  =  5.0V±10% 


MIN. 
MIN. 


4.75  V  MAX.  -  5.25  V 
4.50  V      MAX.  -  5.50  V 


DC  CHARACTERISTICS  OVER  OPERATING  RANGE 


Parameters 


Description 


Test  Conditions  (Note  D 


Typ. 

Min.       (Note  21       Max.  Units 


V0H 


Output  HIGH  Voltage 


Vcc  =  MIN. 

V|N  -  V|H  or  V|L 


MIL,  Iqh  =  -1.0mA 


COM'L,  Iqh  =  -2.6mA 


2.4 


V0L 


Dutput  LOW  Voltage 
(Note  51 


Vcc  =  MIN. 

V|N  =  V|H°rV|L 


Iql  =  4.0mA 


0.4 


Iql  =  8.0mA 


Iql  =  12mA 


0.5 


Volts 


Input  HIGH  Level 


Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 


2.0 


Input  LOW  Level 


Guaranteed  input  logical  LOW 
voltage  for  all  inputs 


MIL 


0.7 


COM'L 


0.8 


Volts 


nput  Clamp  Voltage 


VCC  =  MIN.,  I|N  =  -18mA 


-1.5 


Volts 


ML 


nput  LOW  Current 


VCC  =  MAX.,  V|N=  0.4V 


-0.36 


■iH 


nput  HIGH  Current 


Vcc  -  MAX.,  V|N  -  2.7  V 


20 


MA 


nput  HIGH  Current 


VCC  =  MAX.,  V,N  =  7.0V 


0.1 


Off-State  (High-Impedance) 
Output  Current 


VCC  =  MAX. 


V0  =  0.4  V 


V0  *  2.4  V 


MA 


!SC 


Output  Short  Circuit  Current 
(Note  3) 


Vcc  -  MAX. 


-85 


ower  Supply  Current 
(Note  4) 


VCC  =  MAX. 


22 


Notes:  1 .   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VcC  ~  5-0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output_should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Test  conditions:   A  =  B  =  E  =  GND;  POL  =  OE  =  4.5V. 

5.  VOL  is  specified  with  total  device  Iql  =  60mA  (max.). 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5Vto+7.0V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Curr 

;nt 

-30  mA  to  +5.0  mA 

Am25LS2539 


ns 

CL=  15pF 
R[_  -  2.0kSJ 

tPHL 

17 

25 

'PLH 

E  to  Y, 

19 

28 

ns 

«PHL 

21 

31 

'PLH 

POL  to  Y; 

16 

24 

ns 

'PHL 

19 

28 

'ZH 

Of  to  Yj 

1 5 

23 

'ZL 

15 

22 

tHZ 

OE  to  Yi 

19 

28 

ns 

Cl  "  5.0pF 
R[_  -  2.0kS2 

'LZ 

23 

34 

SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 

Am25LS  COM'L 

Am25LS  MIL 

Ta  =  0°C  to  +70°C 
Vcc  =  5.0V  ±  5% 

TA  =  -55°Cto+125°C 
Vcc  =  5.0V  ±  10% 

Parameters 

Description 

Min. 

Max. 

Min. 

Max. 

Units 

Test  Conditions 

'PLH 

A,  B,to  Y, 

41 

48 

ns 

'PHL 

34 

42 

PLH 

E  to  Yj 

34 

40 

ns 

'PHL 

38 

45 

CL  =  50pF 

'PLH 

POL  to  Y| 

29 

34 

ns 

RL  =  2.0kfi 

'PHL 

39 

49 

'ZH 

OE  to  Y| 

38 

45 

ns 

'ZL 

24 

25 

'HZ 

OE  to  Y, 

33 

37 

ns 

CL  =  5.0pF 

'LZ 

36 

37 

Rl  =  2.0kn 

"AC  performance  over  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Sub 


Am25LS  •  Am54LS/74LS 
LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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DEFINITION  OF  FUNCTIONAL  TERMS 


A,  B 
E  Enable 

POL 


OE 


Y0.  Yv  Y2 


■Y3 


Select  the  two  select  inputs  to  the  decoder/ 
demultiplexer. 

The  enable  input  to  the  decoder.  A  HIGH 
input  forces  the  decoding  functions  to  be 
inhibited  regardless  of  the  A  and  B  inputs. 
Polarity  Input.  The  polarity  input  forces  the 
outputs  either  an  active-HIGH  state  or  an 
active-LOW  state.  A  LOW  on  the  polarity 
input  forces  the  output  active-HIGH.  A 
HIGH  on  the  polarity  input  forces  the 
outputs  active-LOW. 

Output  Enable.  A  LOW  on  the  OE  input 
enables  the  outputs.  A  HIGH  on  the  OE 
inputs  forces  the  outputs  to  the  high  im- 
pedance (off)  state. 

The  four  decoder/demultiplexer  outputs. 


FUNCTION  TABLE 


Function 

1 

nputs 

Outputs 

OE 

E 

POL 

B 

A 

Yn 

1 

Y-j 
2 

Y-j 
3 

High  Impedance 

H 

X 

X 

z 

Z 

z 

Z 

l_ 

y 

y 

L 

L 

L 

L 

Disable 

l_ 

u 

V 

y 

H 

H 

H 

H 

L 

H 

L 

L 

L 

Active-High 

L 

L 

L 

L 

H 

L 

H 

L 

L 

Output 

L 

L 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

H 

H 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

H 

H 

H 

Active- Low 

L 

L 

H 

L 

H 

H 

L 

H 

H 

Output 

L 

L 

H 

H 

L 

H 

H 

L 

H 

 . ..  _.  

L 

L 

H 

H 

H 

H 

H 

H 

L 

H  =  HIGH       X  -  Don't  Care 

L  =  LOW       Z  =  High  Impedance 


Metallization  and  Pad  Layout 


20  VCC 
19  2Y3 


17  2A 

16  2E 

15  II 

14  101 


1*3 
1Y2 
GND 


13    1  POL 
12  1Y0 
II  1Y, 


DIE  SIZE  0.081"  X  0.096" 
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Package 
Type 


ORDERING  INFORMATION 


Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°Cto  +125°C 
-55°Cto+125°C 


AM25LS2539PC 
AM25LS2539DC 
AM25LS2539XC 
AM25LS2539DM 
AM25LS2539FM 
AM25LS2539XM 


APPLICATIONS 


CP  Am25LS163 

O0       Q,       Q2  Q3 


1A  IB 

IE 

l/2Am2SLS2539  1POL 

10E 

1YQ    »Y,     1Y2  1Y3 

1 

0        12  3 


0        12  3 


__r~L_n_r-Lj" 


i 


i  r 

FOUR  PHASE  CLOCK  GENERATOR 
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Am25LS2568  •  Am25LS2569 

Four-Bit  Up/Down  Counters  With  Three-State  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  4-bit  synchronous  counter,  synchronously  programmable 

•  Both  synchronous  and  asynchronous  clear  inputs 

•  Three-state  counter  outputs  interface  directly  with  bus 
organized  systems 

Internal  look-ahead  carry  logic  and  two  count  enable  lines 
for  high  speed  cascaded  operation 
Ripple  carry  output  for  cascading 

Clock  carry  output  for  convenient  modulo  configuration 
Fully  buffered  outputs 

ourced  as  the  54  LS/74  LS568  and  LS569 
Advanced  low-power  Schottky  technology 
100%  product  assurance  screening  to  MIL 
requirements 


■883 


LOGIC  DIAGRAMS 
Am25LS2568 


FUNCTIONAL  DESCRIPTION 

The  Am25LS2568  and  Am25LS2569  are  programmable  up/ 
down  BCD  and  Binary  counters  respectively  with  three- 
state  outputs  for  bus  organized  systems.  All  functions  except 
output  enable  (OE)  and  asynchronous  clear  (ACLR)  occur  on 
the  positive  edge  of  the  clock  input  (CP}. 


With  the  LOAD  input  LOW,  the  outputs  will  be  programmed 
by  the  parallel  data  inputs  (A,  B,  C,  D)  on  the  next  clock  edge. 
Counting  is  enabled  only  when  CEP  and  CET  are  LOW  and 
LOAD  is  HIGH.  The  up-down  input  (U/D)  controls  the  direc- 
tion of  count,  HIGH  counts  up  and  LOW  counts  down.  In- 
ternal look-ahead  carry  logic  and  an  active  LOW  ripple  carry 
output  (RCO)  allows  for  high-speed  counting  and  cascading. 
During  up-count,  the  RCO  is  LOW  at  binary  9  for  the 
LS2568  (binary  15  for  the  LS2569)  and  upon  down-count, 
it  is  LOW  at  binary  0.  Normal  cascaded  operations  requires 
only  the  RCO  to  be  connected  to  the  succeeding  block  at  CET. 
When  counting,  the  clocked  carry  output  (CCO)  provides  a 
HIGH-LOW-HIGH  pulse  for  a  duration  equal  to  the  LOW  time 
of  the  clock  pulse  and  only  when  RCO  is  LOW.  Two  active 
LOW  reset  lines  are.  available,  synchronous  clear  (SCLR)  and 
a  master  reset  asynchronous  clear  (ACLR).  The  output  control 
(OE)  input  forces  the  counter  output  into  the  high  imepdance 
state  when  HIGH  and  when  LOW,  the  counter  outputs  are 
enabled. 


LOGIC  SYMBOL 


3  4 

1  1 

5 

1 

6 

1 

U/D 

A  B 

C 

D 

1 

ACLR 

7 

CEP 

SCLR 

12 

CET 

OE 

11 

— O 

LOAD 

RCO 

2 

CP 

YA  YB 

vc 

v  CCO 
YD 

16      15     14  13 


vcc  =  Pin  20 
GND  =  Pin  10 


CONNECTION  DIAGRAM 
Top  View 


Vcc   RCO  CCO    OE     VA     YB     Yc     Yq    CET  LOAD 

nnnnnnnnnn 


20     19     18     17      16     15     14      13     12  11 


123456789  10 

uuuuuuuuuu 

U/D    CP     A       B       C       D     CEP  ACLR  SCLR  GND 


Note:  Pin  1  is  marked  for  orientation. 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Specified: 

COM'L     TA  -  0°C  to  +70°  C  Vcc  =  5.0  V  15%         MIN.-4.75V      MAX.  =  5.25  V 

MIL  TA  =  — 55°C  to  +125°C        VCC  =  5.0V±10%       MIN.  =  4.50V      MAX.  =  5. 50V 

DC  CHARACTERISTICS  OVER  OPERATING  RANGE  Typ 

Parameters  Description  Test  Conditions  (Note  D  Min.       (Note  2)        Max.  Units 


VOH 

Output  HIGH  Voltage 

Vcc  =  MIN. 
or  V|L 

Y; 

MIL,  Iqh  " 

-1 .0mA 

2.4 

3.4 

Volts 

COM'L,  l0H  =  -2.6mA 

2.4 

3.2 

RCO, 
CCO 

Iqh     — 440^A 

MIL 

2.5 

3.4 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  MIN. 

V|N  -  V|H  or  V|L 

Iql  ■  4.0mA 

0.4 

Volts 

Iql  "  8.0mA 

0.45 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 



2.0 

 ' 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

MIL 

0.7 

Volts 



COM'L 

0.8 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN.,  I)N  - -18mA 

-1.5 

Volts 

"lL 

Input  LOW  Current 

Vcc  -  MAX., 
V|N  =  0.4V 

ACLR,  OE,  U/D,  Load 

0.3 

mA 

A,  B.C.  D,  CP,  CEP 

0.4 

CET,  SCLR 

0.65 

'IH 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7  V 

20 

ItA 

'l 

Input  HIGH  Current 

Vcc  "  MAX.,  V|N  «  7.0V 

0.1 

mA 

!0Z 

Off-State  (High-Impedance) 
Output  Current 

VCC  «  MAX. 

V0  =  0.4  V 

-20 

MA 

Vq  -  2.4  V 

20 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-15 

-85 

mA 

"cc 

Power  Supply  Current 
(Note  41 

VCC  '  MAX. 

28 

43 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  OE  =  HIGH,  all  other  inputs  =  GND,  all  outputs  open. 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°C  to  +125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5Vto+7.0V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  m A 
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SWITCHING  CHARACTERISTICS 

(TA  =  +25°C,  VCC  =  5.0V) 


Parameters 

Description 

Min. 

Typ. 

Max. 

Units 

Test  Conditions 

«PLH 

Clock  to  Any  Q;  Load  »  LOW 

1  2 

1 8 

ns 

'PHL 

1 8 

27 

'PLH 

Clock  to  Any  Q;  Load  =  HIGH 

1 2 

1 8 

ns 

«PHL 

18 

27 

<PLH 

CET  to  RCO 

1 1 

16 

ns 

lPHL 

6 

1  n 

»PLH 

U/D  to  RCO 

15 

23 

ns 

«PHL 

13 

20 

«PLH 

Clock  to  RCO 

24 

35 

ns 

«PHL 

16 

24 

<PLH 

Clock  to  CCO 

10 

15 

ns 

•PHL 

8 

13 

*PLH 

CET  or  CEP  to  CCO 

8 

12 

ns 

CL  =  15pF 

<PHL 

1 7 

25 

R  l_  =  2.0kfi 

<PLH 

ACLR  to  Any  Q 

N.A. 

N.A. 

ns 

'PHL 

17 

26 

A,  B,  C,  D 

20 

SCLR 

20 

ns 

t 

Set-up 

Load 

30 

U/D 

30 

CET,  CEP 

25 

«S 

SCLR  Recovery  (inactive)  to  Clock 

28 

ns 

«h 

Data  Hold 

0 

ns 

'max 

Maximum  Clock  Frequency  (Note  1) 

25 

40 

MHz 

*pw 

Clock  Pulse  Width 

20 

ns 

«PZH 

OE  to  Any  Q;  Enable 

11 

ns 

<PZL 

19 

<PHZ 

OF  tn  Anv  O:  Disahle 

18 

ns 

CL=  5.0pF 

'PLZ 

24 

Rl_  =  2.0kn 

Note  t.  Per  in 
pulse 


dustry 
width 


convention,  fmax  is  tne  worst  case  va 
or  duty  cycle. 


lue  of  the  maximum  device  operating  frequency  with  no  constraints  on  tr,  tf, 

FUNCTION  TABLE 


INPUTS 

OUTPUTS 

CP 

D 

c 

B 

A 

LOAD 

CET 

CEP 

V/D 

ACLR 

SCLR 

OE 

RCO 

CCO 

YD 

Yc 

YB 

FUNCTION 

t 

X 

X 

X 

X 

H 

L 

L 

H 

H 

H 

L 

A/R 

A/R 

(QT- 

CP)  +  1 

Count  up 

t 

X 

X 

X 

X 

H 

L 

L 

L 

H 

H 

L 

A/R 

A/R 

(Qt- 

CP)  -  1 

Count  Down 

t 

X 

X 

X 

X 

H 

H 

X 

X 

H 

H 

L 

H 

H 

NC 

NC 

NC 

NC 

Count  Inhibit 

t 

X 

X 

X 

X 

H 

L 

H 

X 

H 

H 

L 

A/R 

H 

NC 

NC 

NC 

NC 

Count  Inhibit 

n. 

X 

X 

X 

X 

X 

L 

L 

H 

H 

H 

L 

L 

n_ 

H 

H 

H 

H 

Overflow  (LS2569) 

t 

X 

X 

X 

X 

X 

L 

H 

M 

H 

H 

L 

L 

H 

H 

H 

H 

H 

Overflow  (LS2569) 

n_ 

X 

X 

X 

X 

X 

L 

L 

H 

H 

H 

L 

L 

IX 

H 

L 

L 

H 

Overflow  (LS2568) 

t 

X 

X 

X 

X 

X 

L 

H 

H 

H 

H 

L 

L 

H 

H 

L 

L 

H 

Overflow  (LS2568) 

t 

X 

X 

X 

X 

X 

H 

X 

H 

H 

H 

L 

H 

H 

H 

H 

H 

H 

Overflow  Inhibit  (LS2569) 

t 

X 

X 

X 

X 

X 

H 

X 

H 

H 

H 

L 

H 

H 

H 

L 

L 

H 

Overflow  Inhibit  (LS2568) 

n_ 

X 

X 

X 

X 

X 

L 

L 

L 

H 

H 

L 

L 

n. 

L 

L 

L 

L 

Underflow 

t 

X 

X  X 

X 

X 

L 

H 

L 

H 

H 

L 

L 

H 

L 

L 

L 

L 

Underflow 

t 

X 

X 

X 

X 

X 

H 

X 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 

Underflow  Inhibit 

t 

L 

H 

L 

H 

L 

X 

X 

X 

H 

H 

L 

H 

H 

L 

H 

L 

H 

Load  Example 

t 

X 

X 

X 

X 

X 

X 

X 

H 

H 

L 

L 

H 

H 

L 

L 

L 

L 

Clear  (Synchronous) 

n. 

X 

X  X 

X 

X 

L 

L 

L 

H 

L 

L 

L 

n_ 

L 

L 

L 

L 

Clear  (Synchronous) 

t 

X 

X 

X 

X 

X 

L 

H 

L 

H 

L 

L 

L 

H 

L 

L 

L 

L 

Clear  (Synchronous) 

t 

X 

X 

X 

X 

X 

H 

X 

L 

H 

L 

L 

H 

H 

L 

L 

L 

L 

Clear  (Synchronous) 

X 

X 

X 

X 

X 

X 

X 

X 

H 

L 

X 

L 

H 

H 

L 

L 

L 

L 

Asynchronous  Clear 

n_ 

X 

X 

X 

X 

X 

L 

L 

L 

L 

X 

L 

L 

n. 

L 

L 

L 

L 

Asynchronous  Clear 

X 

X 

X 

X 

X 

X 

L 

H 

L 

L 

X 

L 

L 

H 

L 

L 

L 

L 

Asynchronous  Clear 

X 

X 

X 

X 

X 

X 

H 

X 

L 

L 

X 

L 

H 

H 

L 

L 

L 

L 

Asynchronous  Clear 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

Hi-Z 

Output  Disabled 

(QT  -  CP)  = 
NC  =  No 


Output  state  prior  to  clock  edge 
change 


A/R 


Assumes  required  output  state; 

High  except  during  Overflow  and  Underflow 


X  =  Don't  care 
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SWITCHING  CHARACTERISTICS 
OVER  OPERATING  RANGE* 


Parameters 


Description 


Am25LS  COM'L 


TA  =  0  C  to  +70  C 
VCC  =  5.0V  ±5% 
Min.  Max. 


Am25LS  MIL 


TA  =  -55  C  to +125  C 
VCC  =  5.0V  ±10% 
Min.  Max. 


Units 


Test  Conditions 


«PLH 


'PHL 


tPLH 


«PHL 


*PLH 


tPHL 


«PLH 


*PHL 


«PLH 


<PHL 


«PLH 


«PHL 


*PLH 


«PHL 


•PLH 


tPHL 


«ZH 


»ZL 


Clock  to  Any  Q;  Load  •  LOW 


Clock  to  Any  Q;  Load  =  HIGH 


CET  to  RCO 


U/D  to  RCO 


Clock  to  RCO 


Clock  to  CCO 


CET  or  CEP  to  CCO 


ACLR  to  Any  Q 


Set-up 


Load 


38 


U/D 


CET,  CEP 


SCLR  Recovery  (inactive)  to  Clock 


33 
39 


22 


22 


35 


18 


17 


26 


36 


37 


30 


50 


Data  Hold 


Maximum  Clock  Frequency  (Note  1} 


20 


Clock  Pulse  Width 


OE  to  Any  Q;  Enable 


40 
50 


24 


30 


45 


18 


CL=  50pF 
RL=2.0kn 


«HZ 


tLZ 


OE  to  Any  Q;  Disable 


30 


36 


CL  =  5.0pF 
FtL=  2.0kn 


*AC  performance"Xiyer  the  operating  temperature  range  is  guaranteed  by  testing  defined  in  Group  A,  Subgroup  9. 
N.A.  not  applicable. 


Metallization  and  Pad  Layouts 


Am25LS2568 


Am25LS2569 


DIE  SIZE  0.087"  X  0.103"  DIE  SIZE  0.087"  X  0.103" 
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DEFINITION  OF  FUNCTIONAL  TERMS 


A,  B,  C,  D 
CEP 


CET 


CP 


LOAD 


U/D 


The  four  programmable  data  inputs. 

Count  Enable  Parallel.  Can  be  used  to 
enable  and  inhibit  counting  in  high  speed 
cascaded  operation.  CEP  must  be  LOW  to 
count. 

Count  Enable  Trickle,  Enables  the  ripple 
carry  output  for  cascaded  operation.  Must 
be  LOW  to  count. 

Clock  Pulse.  All  synchronous  functions 
occur  on  the  LOW-to-HIGH  transition  of 
the  clock. 

Enables  parallel  load  of  counter  outputs 
from  data  inputs  on  the  next  clock  edge. 
Must  be  HIGH  to  count. 

Up/Down  Count  Control.  HIGH  counts  up 
and  LOW  counts  down. 


ACLR 

SCLR 
OE 

Ya^b, 
RCO 

CCO 


Yr.  Yr 


Asynchronous    Clear.    Master    reset  of 
counters  to  zero  when  ACLR  is  LOW, 
independent  of  the  clock. 
Synchronous  clear  of  counters  to  zero  on 
the  next  clock  edge  when  SCLR  is  LOW. 

A  HIGH  on  the  output  control  sets  the 
four  counter  outputs  in  the  high  imped- 
ance, and  a   LOW,  enables  the  output. 

The  four  counter  outputs. 

Ripple  Carry  Output.  Output  will  be  LOW 
on  the  maximum  count  on  up-count.  Upon 
down-count,  RCO  is  LOW  at  0000. 

Clock  Carry  Output.  While  counting  and 
RCO  is  LOW,  CCO  will  follow  the  clock 
HIGH-LOW-HIGH  transition. 


Am25LS 

LOW-POWER  SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Note:  Actual  current  flow  direction  shown. 
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ORDERING  INFORMATION 


Package 
Type 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


Temperature 
Range 


Am25LS2568 
Order 
Number 


0  C  to  +70  C 
0°Cto+70°C 
0°C  to  +70°  C 
-55°Cto  +125°C 
-55°Cto  +125°C 
-55°Cto  +125°C 


AM25LS2568PC 
AM25LS2568DC 
AM25LS2568XC 
AM25LS2568DM 
AM25LS2568FM 
AM25LS2568XM 


Am25LS2569 
Order 
Number 


AM25LS2569PC 
AM25LS2569DC 
AM25LS2569XC 
AM25LS2569DM 
AM25LS2569FM 
AM25LS2569XM 


APPLICATION 


LOAD,    U/D,  COUNT, 


SZ 


CP 

u/o  S 

LOAD  ^ 
CET  | 
CEP  v 


LOAD  2     U/D2  COUNT2 


xz 


LOAD 
CET 


SZ 


CP 
U/D 
LOAD 
CET 


SZ 


nr 


z 


A-0 

CP 

AC  L  R 

U/D 

8  OE 

LOAD 

CET 

I 
< 

CEP 

*A-0 

MICROPROGRAMMABLE  DUAL-EVENT  8-BIT  COUNTERS 
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Am26LS29 

Quad  Three-State  Single  Ended  RS-423  Line  Driver 


DISTINCTIVE  CHARACTERISTICS 

•  Four  single  ended  line  drivers  in  one  package  for  maximum 
package  density 

•  Output  short-circuit  protection 

•  Individual  rise  time  control  for  each  output 

•  50O  transmission  line  drive  capability 

•  High  capacitive  load  drive  capability 

•  Low  lcc  and  lEE  power  consumption  (26mW/driver  typ.) 

•  Meets  all  requirements  of  RS-423 

•  Three-state  outputs  for  bus  oriented  systems 

•  Outputs  do  not  clamp  line  with  power  off  or  in  hi-impedance 
state  over  entire  transmission  line  voltage  range  of  RS-423 

•  Low  current  PNP  inputs  compatible  with  TTL,  MOS  and  CMOS 

•  Available  in  military  and  commercial  temperature  range 

•  Advanced  low  power  Schottky  processing 

•  100%  reliability  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am26LS29  is  a  quad  single  ended  line  driver,  designed  for 
digital  data  transmission.  The  Am26LS29  meets  all  the  require- 
ments of  EIA  Standard  RS-423  and  Federal  STD  1 030.  It  features 
four  buffered  outputs  with  high  source  and  sink  current,  and 
output  short  circuit  protection. 

A  slew  rate  control  pin  allows  the  use  of  an  external  capacitor  to 
control  slew  rate  for  suppression  of  near  end  cross  talk  to  receiv- 
ers in  the  cable. 

The  Am26LS29  has  three-state  outputs  for  bus  oriented  systems. 
The  outputs  in  the  hi-impedance  state  will  not  clamp  the  line  over 
the  transmission  line  voltage  of  RS-423.  A  typical  full  duplex 
system  would  use  the  Am26LS29  line  driver  and  up  to  twelve 
Am26LS32  line  receivers  or  an  Am26LS32  line  receiver  and  up  to 
thirty-two  Am26LS29  line  drivers  with  only  one  enabled  at  a  time 
and  all  others  in  the  three-state  mode. 

The  Am26LS29  is  constructed  using  advanced  low-power 
Schottky  processing. 


LOGIC  DIAGRAM 


SR CONTROL  A 


SR  CONTROL  B 


SR  CONTROL  C 


SR  CONTROL  D 


ORDERING  INFORMATION 


Package  Temperature 
Type  Range 


Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 
Hermetic  DIP 
Molded  DIP 
Dice 


Order 
Number 


-55°C  to  +125°C 
-55°C  to  +125°C 
-55°C  to  +125°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 


AM26LS29DM 
AM26LS29FM 
AM26LS29XM 
AM26LS29DC 
AM26LS29PC 
AM26LS29XC 


CONNECTION  DIAGRAM 
Top  View 


OUTPUT  A 


]SLEW  RATE 
CONTROL  D 


Note:  Pin  1  is  marked  for  orientation. 
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ABSOLUTE  MAXIMUM  RATINGS  (Above  which  the  useful  life  may  b 

3  impaired) 

Storage  Temperature 

-65°Cto+150°C 

Supply  Voltage 
V+ 

7.0V 

V- 

-7.0V 

Power  Dissipation 

600mW 

Input  Voltage 

-0.5  to  +15.0V 

Output  Voltage  (Power  Off) 

±15 

V 

Lead  Soldering  Temperature  (10  seconds) 

300° 

c 

ELECTRICAL  CHARACTERISTICS  over  the  operating  temperature  range 
The  following  conditions  apply  unless  otherwise  specified: 

Am26LS29XM  (MIL)  TA  =  -55°C  to  +125°C  VCC  6  5.0V  ±5%,  VEE  =  -5.0V  ±5% 
Am26LS29XC  (COM'L)     T A  -  0° C  to  +70° C  VCC  =  5.0V  ±6%,  VEE  =  -5.0V  ±5% 

DC  CHARACTERISTICS  over  the  operating  temperature  range  (Notes  1  and  2) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  1) 

Max. 

Units 

vo 

Output  Voltage 

RL  =  - 

V,N  »  2.4V 

4.0 

4.4 

6.0 

Volts 

vo 

V|N  =  0.4V 

^1.0 

-4.4 

-6.0 

Volts 

vT 

Output  Voltage 

RL  =45012 

V|N  -  2.4V 

3.6 

4.1 

Volts 

vt 

V|N  =  0.4V 

-3.6 

-4.1 

Volts 

IvtMWI 

Output  Unbalance 

|Vcd=  |VEEI.  RL  =  450SJ 

0.02 

0.4 

Volts 

ix+ 

Output  Leakage  Power  Off 

vcc  =  vEE  =  ov 

V0  -  10V 

2.0 

100 

MA 

ix- 

V0  =  -10V 

-2.0 

-100 

ma 

"s+ 

Output  Short  Circuit  Current 

V0  "  OV 

V|N  =  2.4V 

-70 

-150 

mA 

's- 

V|N  -  0.4V 

60 

150 

mA 

'Slew 

Sfew  Control  Current 

VSLEW  =  VEE  +  0.9V 

±110 

mA 

'cc 

Positive  Supply  Current 

V|N=2.4V,Rl  =  - 

15 

25 

mA 

■EE 

Negative  Supply  Current 

V|N  =0.4V,  RL  =  ~ 

-9 

-10 

mA 

io 

Off  State  (High  Impedance) 

VCC  =  MAX. 

V0  =  10V 

2.0 

100 

MA 

Output  Current 

V0  =  -10V 

-2.0 

-100 

mA 

V|H 

High  Level  Input  Voltage 

2.0 

Volts 

VlL 

Low  Level  Input  Voltage 

0.8 

Volts 

l|H 

High  Level  Input  Current 

V|N  =  2.4V 

1.0 

40 

*A 

V|N  «  15V 

10 

100 

MA 

hL 

Low  Level  Input  Current 

V|N  =  0.4V 

-30 

-200 

ma 

V| 

Input  Clamp  Voltage 

1 1 M  ■  -12mA 

-1.5 

Volts 

AC  CHARACTERISTICS 

Vcc  =  5.0V,  VEE  =  -5.0V,  TA  =  25°C 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  1) 

Max. 

Units 

Sr+ 

Positive  Slew  Rate 

RL  =  4500,  Cu  =  500pF,  Fig.  1 

Cc  =  50pF 

3.0 

li.S 

Cc  =  OpF 

120 

300 

ns 

Sr- 

Negative  Slew  Rate 

RL  =  4500,  CL  =  500pF,  Fig.  1 

Cc  =  50pF 

3.0 

MS 

CC  =  OpF 

120 

300 

ns 

Src 

Slew  Rate  Coefficient 

RL  =  450O,  Cu  =  500pF,  Fig.  1 

.06 

/iS/pF 

tLZ 

RL  =  450n,  CL  =  5.0pF,  Cc  =  OpF 

180 

300 

<HZ 

Output  Enable  to  Output 

250 

350 

ns 

tZL 

RL  =  450ft,  CL  =  500pF,  Cc  =  OpF 

250 

350 

tZH 

180 

300 

Notes:  1 .  Typical  limits  are  at  Vcc  =  5.0V,  V6E  =  -5.0V,  25°C  ambient  and  maximum  loading. 
2.  Symbols  and  definitions  correspond  to  EIA  RS-423  where  applicable. 
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Am26LS29 


SWITCHING  TIME  WAVEFORMS  AND  AC  TEST  CIRCUITS 


INPUT  tr<  10ns 


0.9Vss 


/      T  V 


20fjs  


r 


~Y  50pF 


Figure  1.  Rise  Time  Control. 


Slew  Rate  (Rise  or  Fall  Time) 
Versus  External  Capacitor 


10  100  1k  10k 

CAPACITANCE  —  pF  BLI-010 


Am26LS29  EQUIVALENT  CIRCUIT 


Am26LS30 


Dual  Differential  RS-422  Party  Line/Quad  Single  Ended  RS-423  Line  Driver 


DISTINCTIVE  CHARACTERISTICS 

•  Dual  RS-422  line  driver  or  quad  RS-423  line  driver 

•  Driver  outputs  do  not  clamp  line  with  power  off  or  in 
hi-impedance  state 

•  Individually  three-state  drivers  when  used  in  differential  mode 

•  Low  lcc  and  lEE  power  consumption 

RS-422  differential  mode  35mW/driver  typ. 
RS-423  single-ended  mode     26mW/driver  typ. 

•  Individual  slew  rate  control  for  each  output 

•  50fi  transmission  line  drive  capability  (RS-422  into  virtual 
ground) 

•  Low  current  PNP  inputs  compatible  with  TTL,  MOS  and  CMOS 

•  High  capacitive  load  drive  capability 

•  Exact  replacement  for  DS1 6/3691 

•  Advanced  low  power  Schottky  processing 

•  100%  reliability  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am26LS30  is  a  line  driver  designed  for  digital  data  transmis- 
sion. A  mode  control  input  provides  a  choice  of  operation  either  as 
two  differential  line  drivers  which  meet  all  of  the  requirements  of 
EIA  Standard  RS-422  or  four  independent  single-ended  RS-423 
line  drivers. 

In  the  differential  mode  the  outputs  have  individual  three-state 
controls.  In  the  hi-impedance  state  these  outputs  will  not  clamp 
the  line  over  a  common  mode  transmission  line  voltage  of  ±  1 0V. 
A  typical  full  duplex  system  would  be  the  Am26LS30  differential 
line  driver  and  up  to  twelve  Am26LS32  line  receivers  or  an 
Am26LS32  line  receiver  and  up  to  thirty-two  Am26LS30  differen- 
tial drivers. 

A  slew  rate  control  pin  allows  the  use  of  an  external  capacitor  to 
control  slew  rate  for  suppression  of  near  end  cross  talk  to  receiv- 
ers in  the  cable. 

The  Am26LS30  is  constructed  using  Advanced  Low  Power 
Schottky  processing. 


LOGIC  DIAGRAMS 


Logic  for  Am26LS30  with 
Mode  Control  HIGH  (RS-423) 


SR  CONTROL  A 


SR  CONTROL  B 


SR  CONTROL  C 


SR  CONTROL D 


Logic  for  Am26LS30  with 
Control  LOW  (RS-422) 


ORDERING  INFORMATION 

Package  Temperature 
Type  Range 


Order 
Number 


Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 
Hermetic  DIP 
Molded  DIP 
Dice 


-55°Cto  +125°C 
55°C  to  +125°C 

-55°Cto  +125°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 


AM26LS30DM 
AM26LS30FM 
AM26LS30XM 
AM26LS30DC 
AM26LS30PC 
AM26LS30XC 


CONNECTION  DIAGRAM  -  Top  View 


VccC 

16 

—i  SLEW  RATE 
—1  CONTROL  A 

INPUT  A 

^]  OUTPUT  A 

INPUT/ENABLE  B  Q 

14 

^]  OUTPUT  B 

MODE  [~ 

Am26LS30 

13 

— |  SLEW  RATE 
—1  CONTROL  B 

GND 

12 

— |  SLEW  RATE 
—1  CONTROL  C 

INPUT/ENABLE  C  J  

6 

^]  OUTPUT  C 

Note:  input 

10 

^]  OUTPUT  D 

Pin  1  is  marked           vEE  q 
for  orientation. 

8 

s 

— ]  SLEW  RATE 
—1  CONTROL  D 
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Am26LS30 


ABSOLUTE  MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Supply  Voltage 
V+ 


7.0V 


V- 


-7.0V 


Power  Dissipation 


600mW 


Input  Voltage 


-0.5  to  +15.0V 


Output  Voltage 


(Power  Off) 


±15V 


Lead  Soldering  Temperature  (10  seconds) 


300°  C 


ELECTRICAL  CHARACTERISTICS  over  the  operating  temperature  range 
The  Following  Conditions  Apply  Unless  Otherwise  Specified: 
Am26LS30XM  (MIL)  TA  -  -55°C  to  +125°C      VCC  =  5.0V  ±10%,  VEE  =  GND 

Am26LS30XC  (COM'L)        Ta  =  0°C  to +70°C  Vcc  =  5.0V  ±5%,  VEE  =  GND 

EIA  RS-422  Connection,  Mode  Voltage  -  0.8V 

DC  CHARACTERISTICS  over  the  operating  temperature  range 


Parameters 


Description 


Test   Conditions    (Note   3)  Min. 


Typ. 

(Note  1) 


Max. 


Units 


vo 
v0 

Differential  Output  Voltage,  VA,  B 

RL  =°° 

V|N  =  2.0V 

3.6 

6.0 

Volts 

V|N  =  0.8V 

-3.6 

-6.0 

Volts 

vT 
vt 

Differential  Output  Voltage,  Va,  b 

RL  =  100J2 

V|N  =  2.0V 

2.0 

2.4 

Volts 

V,N  =  0.8V 

-2.0 

-2.4 

Volts 

Vos-  vOS 

Common  Mode  Offset  Voltage 

RL  =  100S2 

2.5 

3.0 

Volts 

|vTl-  IvTl 

Difference  in  Differential  Output  Voltage 

RL  =  loon 

0.005 

0.4 

Volts 

Ivosl-ivosl 

Difference  in  Common  Mode  Offset  Voltage           R)_  =  10012 

0.005 

0.4 

Volts 

vss 

|vT-vT| 

Ri_  =  ioon 

4.0 

4.8 

Volts 

VCMR 

Output  Voltage  Common  Mode  Range 

VENABLE  =  2.4V 

±10 

Volts 

IXA 

Output  Leakage  Current 

vCc  "  ov 

VCMR  = 10V 

100 

MA 

'XB 

VCMR  "  -10V 

-100 

fA 

'ox 

Off  State  (High  Impedance) 
Output  Current 

VCC  =  MAX. 

VCMR  <  10V 

100 

uA 

VCMR  5=  -10V 

-100 

M 

'SA.  'SB 

Output  Short  Circuit  Current 

V|N  =  2.4V 

V0A  =  6.0V 

80 

150 

mA 

Voa=0V 

-80 

-150 

mA 

V|N  =0.4V 

V0A  "  0V 

-80 

-150 

mA 

V0B  =  6.0V 

80 

150 

mA 

ice 

Supply  Current 

18 

30 

mA 

V|H 

High  Level  Input  Voltage 

2.0 

Volts 

VlL 

Low  Level  Input  Voltage 

0.8 

Volts 

'  I H 

High  Level  Input  Current 

V|N  =  2.4V 

1.0 

40 

MA 

V|N  <  15V 

10 

100 

ma 

l|L 

Low  Level  Input  Current 

V|N  =  0.4V 

-30 

-200 

ma 

V| 

Input  Clamp  Voltage 

l|M  =  -12mA 

-1.5 

Volts 

AC  CHARACTERISTICS 

EIA  RS-422  Connection,  Vcc  =  5.0V,  VEE  =  GND,  Mode  =  0.4V,  TA  =  25°C 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  1 ) 

Max. 

Units 

tr 

Differential  Output  Rise  Time 

Fig.  2,  R|_  =  100n,  Cu  =  500pF 

120 

200 

ns 

<f 

Differential  Output  Fall  Time 

Fig.  2,  RL  =  tOOn,  CL  =  500pF 

120 

200 

ns 

'PDH 

Output  Propagation  Delay 

Fig.  2,  RL  =  100n,  CL  =  500pF 

120 

200 

ns 

'PDL 

Output  Propagation  Delay 

Fig.  2,  RL  =  1000,  CL  =  500pF 

120 

200 

ns 

1.  lypicai  limits  are  at  vcc  =  s.uv,  vEE  =  unu,  lib  u  amrjient  ana  max 

2.  Symbols  and  definitions  correspond  to  EIA  RS-422  where  applicable. 

3.  RL  connected  between  each  output  and  its  complement. 
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Am26LS30 


ELECTRICAL  CHARACTERISTICS  over  the  operating  temperature  range 
The  following  conditions  apply  unless  otherwise  specified: 

Am26LS30XM  (MIL)  TA  =  -55°  C  to  +125° C  Vcc  «  5.0V  ±10%,  VEE  =  -5.0V  ±10% 
Am26LS30XC  (COM'L)     TA  =  0°C  to  +70°C  Vcc  =  5.0V  ±5%,  VEE  =  -5.0V  ±5% 

RS-423  Connection,  Mode  Voltage  >  2.0V 

DC  CHARACTERISTICS  over  the  operating  temperature  range  (Notes  1  and  2) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  1 ) 

Max. 

Units 

vo 

Output  Voltage 

R|_  =  oo 

V|N  =  2.4V 

4.0 

4.4 

6.0 

Volts 

vo" 

V|N  =  0.4V 

-4.0 

-4.4 

-6.0 

Volts 

vT 

Output  Voltage 

BL  =  450J2 

V|N  =  2.4V 

3.6 

4.1 

Volts 

vt 

V|N  =  0.4V 

-3.6 

-4.1 

Volts 

|vTl-|vTl 

Output  Unbalance 

|vcc  |  =  |VEE|,RL  =  450n 

0.02 

0.4 

Volts 

ix+ 

Output  Leakage  Power  Off 

vcc  =  vEE  =  ov 

V0  "  6.0V 

2.0 

100 

MA 

1  w 

V0  =  -6.0V 

—2.0 

—  100 

mA 

lc  + 

Output  Short  Circuit  Current 

v0  =  ov 

V|N  =  2.4V 

—80 

—150 

!s- 

V|N  =  0.4  V 

80 

150 

mA 

!Slew 

Slew  Control  Current 

VSLEW  =  VEE+0.9V 

±140 

MA 

'cc 

Positive  Supply  Current 

V|N  =  2.4V,  RL  ■=  ~ 

18 

30 

mA 

'EE 

Negative  Supply  Current 

V|N  -  0.4V,  RL  =  - 

-10 

-22 

mA 

V|H 

High  Level  Input  Voltage 

2.0 

Volts 

V|L 

Low  Level  Input  Voltage 

0.8 

Volts 

l|H 

High  Level  Input  Current 

V|N  =  2.4V 

1.0 

40 

MA 

V|N  <  15V 

10 

100 

ma 

l|L 

Low  Level  Input  Current 

V|N  =  0.4V 

-30 

-200 

ma 

V| 

Input  Clamp  Voltage 

1 1  im  =  -12mA 

-1.5 

Volts 

AC  CHARACTERISTICS 

RS-423  Connection,  Vcc  =  5.0V,  VEE  =  -5.0V,  Mode  =  2.4V,  TA  =  25°C 

Typ. 

Parameters  Description  Test  Conditions  Min.      (Notel)      Max.  Units 


Sr+ 

Positive  Slew  Rate 

Fig.  1 ,  R[_  -  450n,  CL  =  500pF 

Cc  =  50pF 

3.0 

Cc  =  0 

120 

300 

ns 

Sr- 

Negative  Slew  Rate 

Fig.  1 ,  Ru  =  450a,  CL  =  500pF 

Cc  =  50pF 

3.0 

U.S 

Cc  =  0 

120 

300 

ns 

Src 

Slew  Rate  Coefficient 

Fig.  1 ,  RL  =  450fi,  CL  =  500pF 

.06 

MS/pF 

tpDH 

Output  Propagation  Delay 

Fig.  1 ,  R[_  -  4500,  CL  =  500pF,  Cc  =  0 

180 

300 

ns 

'PDL 

Output  Propagation  Delay 

Fig.  1 ,  RL  =  450n,  Cu  =  500pF,  Cc  =  0 

180 

300 

ns 

Notes:  1 .  Typical  limits  are  at  Vcc  =  5.0V,  VEE  =  -5.0V,  25°C  ambient  and  maximum  loading. 
2.  Symbols  and  definitions  correspond  to  EIA  RS-423  where  applicable. 
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Am26LS31 

Quad  High  Speed  Differential  Line  Driver 


DISTINCTIVE  CHARACTERISTICS 

•  Output  skew  —  2.0ns  typical 

•  Input  to  output  delay  —  1 2ns 

•  Operation  from  single  +5V  supply 

•  16-pin  hermetic  and  molded  DIP  package 

•  Outputs  won't  load  line  when  Vcc  =  0 

•  Four  I  ne  drivers  in  one  package  for  maximum  package 
density 

•  Output  short-circuit  protection 

•  Complementary  outputs 

•  Meets  the  requirements  of  EIA  standard  RS-422 

•  High  output  drive  capability  for  100fi  terminated  trans- 
mission lines 

•  Available  in  military  and  commercial  temperature  range 

•  Advanced  low-power  Schottky  processing 

•  100%  reliability  assurance  screening  to  Ml L-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am26LS31  is  a  quad  differential  line  driver,  designed  for 
digital  data  transmission  over  balanced  lines.  The  Am26LS31 
meets  all  the  requirements  of  EIA  standard  RS-422  and  federal 
standard  1020.  Is  is  designed  to  provide  unipolar  differential 
drive  to  twisted-pair  or  parallel-wire  transmission  lines. 

The  circuit  provides  an  enable  and  disable  function  common 
to  all  four  drivers.  The  Am26LS31  features  3-state  outputs 
and  logical  OR-ed  complementary  enable  inputs.  The  inputs 
are  all  LS  compatible  and  are  all  one  unit  load. 
The  Am26LS31  is  constructed  using  advanced  low-power 
Schottky  processing. 


LOGIC  DIAGRAM 


ENABLE  ENABLE 


OUTPUT  OUTPUT 
B+  B- 


OUTPUT  OUTPUT 

A*  A- 


Package 
Type 


ORDERING  INFORMATION 


Temperature 
Range 


Order 
Number 


Hermetic  DIP 
Flat  Pak 

Dice 
Hermetic  DIP 
Molded  DIP 

Dice 


-55  C  to  +125  C 
-55°Cto+125°C 
-55°Cto+125°C 
0°Cto  +70°C 
0°Cto+70°C 
0°Cto  +70°C 


AM26LS31  DM 
AM26LS31FM 
AM26LS31XM 
AM26LS31  DC 
AM26LS31  PC 
AM26LS31XC 


CONNECTION  DIAGRAM 
(Top  View) 


r-GJ^-^ 

INPUT  A  |_  - — | 


INPUT  8  Q 
GND 


IC-2-1 

ENABLE 

[C 


^]  INPUT  D 


□  i 

12  ENABLE 

=1] 

□  ! 

12  INPUT  C 


Note:  Pin  1  is  marked  for  orientation. 
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Am26LS31 

ABSOLUTE  MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Supply  Voltage 

7.0V 

Input  Voltage 

7.0V 

Output  Voltage 

5.5V 

Storage  Temperature  Range 

-65°Cto  +150°C 

ELECTRICAL  CHARACTERISTICS  over  the  operating  temperature  range 
The  following  conditions  apply  unless  otherwise  specified: 

Am26LS31XM  (MIL)  TA  -  -55° C  to  +1 25° C  VCC-5V±10% 

Am26LS31XC  (COM'U      TA  =  0° C  to  +  70° C  Vcc  =  5V  ±  5% 


Typ. 


Parameters 

Description 

Test  Conditions 

Min. 

(Note  1) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

vcc  =  Min.,  'OH  =  —20mA 

2.5 

3.2 

Volts 

vol 

Output  LOW  Voltage 

Vcc  =  Min-  'OL  =  20mA 

0.32 

0.5 

Volts 

V|H 

Input  HIGH  Voltage 

Vcc  *  Win. 

2.0 

Volts 

V|L 

Input  LOW  Voltage 

Vcc  *  Max- 

0.8 

Volts 

1 1 L 

Input  LOW  Current 

VCC  -  Max.,  V|N  -  0.4V 

-0.20 

-0.36 

mA 

1 IH 

Input  HIGH  Current 

VCc  =  Max-  V|N  =  2.7V 

0.5 

20 

HA 

•l 

Input  Reverse  Current 

VCC  -  Max..  V|N  -  7.0V 

0.001 

0.1 

mA 

'0 

Off-State  (High  Impedance) 

Vcc  =  Max- 

V0  =  5.5V 

0.5 

20 

MA 

Output  Current 

Vq  -  0.5V 

0.5 

-20 

V| 

Input  Clamp  Voltage 

Vcc  =  Min.,  1  |N  =*  1 8mA 

-0.8 

'sc 

Output  Short  Circuit  Current 

Vcc  =  Max. 

-30 

-60 

-150 

mA 

"cc 

Power  Supply  Current 

Vcc  =  Max.,  all  outputs  disabled 

60 

80 

mA 

«PLH 

Input  to  Output 

VCC  =  5.0V,  TA  »  25°C,  Load  -  Note  2 

12 

20 

ns 

*PHL 

Input  to  Output 

VCC  -  5.0V,  TA  =  25°C,  Load  -  Note  2 

12 

20 

ns 

SKEW 

Output  to  Output 

Vcc  '  5.0V,  TA  =  25°C,  Load  =  Note  2 

2.0 

6.0 

ns 

«LZ 

Enable  to  Output 

VCC  =  5.0V,  TA  =  25°C,  CL  =  10pF 

23 

35 

ns 

«HZ 

Enable  to  Output 

VCc  "  6  °V.  TA  -  25°C,  CL  "  10pF 

17 

30 

ns 

«ZL 

Enable  to  Output 

VCc  -  5.0V,  TA  -  25°C,  Load  =  Note  2 

35 

45 

ns 

tZH 

Enable  to  Output 

VCc  "  5.0V,  TA  -  25°C,  Load  =  Note  2 

30 

40 

ns 

Notes:  1 . 

2. 


All  typical  values  are  Vcc  =  5.0V,  TA  =  25  C. 

CL  -  30pF,  V,N  =  1.3V  to  VOUT  =  1.3V,  VpfJLSE  =  0V  to  +3.0V,  See  Below. 


AC  LOAD  TEST  CIRCUIT 
FOR  THREE-STATE  OUTPUTS 


PROPAGATION  DELAY 

(Notes  1  and  3) 


TEST 
POINT 
O 


vcc 


CL  INCLUDES 
PROBE  AND  JIG  ^ 
CAPACITANCE 


INPUT 
TRANSITION 

- 


■r- 


OUTPUT  - 


'PHL 


If  "I 


ENABLE  AND  DISABLE  TIMES 

(Notes  2  and  3) 

Enable  Disable 


OUTPUT 
NORMALLY 

LOW    S2  OPEN 


<ZL 

—4.5  V 


3.0V 
1 3V 
0V 


0.5  V 
U  1-  ~15V 

_XI  „  vn. 


OUTPUT 
NORMALLY 
HIGH 


s,  0PEfyr1-3v 
 '  ov 


L~  Voh 

~^-)  1.5V 


Notes:  1.  Diagram  shown  for  Enable  LOW. 

2.  and  S2  of  Load  Circuit  are  closed  except  where  shown. 

3.  Pulse  Generator  for  AM  Pulses:   Rate  «  1 .0MHz;  Zc  =  50ZI ;  tr  <  15ns;  tf  <  6.0ns. 
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EQUIVALENT  CIRCUIT  (1/4  Am26LS31) 


TYPICAL  APPLICATION 


SHIELD  OR  COMMON  GROUND  RETURN 
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Am26LS31 


Guaranteed  Voh  ar|d  Vol 
(TA  =  -55°Cto  +125°C) 


VOUT  Versus  Vcc 


4.0 

j  3.0 
I 

2  2.0 


Voh  e  vcc  -  5.5V 

Vqh  @vcc-  5.0V 

yO 

'cc 

-4.5V 

.5V 

«  VCC  <  5.5V 

*  I    II    II  II 

4.0       8.0       12        16  20 
Iql  °r  -'OH  (""A) 


PIN  4  <  0.8V,  PIN  12  >  2.0V 
RL  -  10kS!  TO  GROUND 
AREA  INSIDE  ENVELOPE 
IS  LOW  IMPEDANCE.  (~50fi) 
.AREA  OUTSIDE  ENVELOPE 
IS  HIGH  IMPEDANCE  01/4MS2) 


1.0  2.0  3.0 

V0UT  (VOLTSI 


Metallization  and  Pad  Layout 

+5.0  V 


INPUT  A  1 


ENABLE       4  - 


CHANNEL  B 
OUTPUTS 


INPUT B  7 


9       INPUT  r. 


8MB 

DIE  SIZE  0.067"  X  0.084" 
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Am26LS32  •  Am26LS33 

Quad  Differential  Line  Receivers 


DISTINCTIVE  CHARACTERISTICS 

•  Input  voltage  range  of  15V  (differential  or  common  mode) 
on  Am26LS33;  7V  (differential  or  common  mode)  on 
Am26LS32 

•  ±0.2V  sensitivity  over  the  input  voltage  range  on  Am26LS32; 
±0.5V  sensitivity  on  Am26LS33 

•  The  Am26LS32  meets  all  the  requirements  of  RS-422  and 
RS-423 

•  6k  minimum  input  impedance 

•  30mV  input  hysteresis 

•  Operation  from  single  +5V  supply 

•  16-pin  hermetic  and  molded  DIP  package 

•  Fail  safe  input-output  relationship.  Output  always  high 
when  inputs  are  open. 

•  Three-state  drive,  with  choice  of  complementary  output 
enables,  for  receiving  directly  onto  a  data  bus. 

•  Propagation  delay  1 7ns  typical 

•  Available  in  military  and  commercial  temperature  range 

•  Advanced  low-power  Schottky  processing 

•  100%  reliability  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am26LS32  is  a  quad  line  receiver  designed  to  meet  the 
requirements  of  RS-422  and  RS-423,  and  Federal  Standards 
1020  and  1030  for  balanced  and  unbalanced  digital  data 
transmission. 

The  Am26LS32  features  an  input  sensitivity  of  200mV  over 
the  input  voltage  range' of  ±7V. 

The  Am26LS33  features  an  input  sensitivity  of  500mV  over 
the  input  voltage  range  of  ±15V. 

The  Am26LS32  and  Am26LS33  provide  an  enable  and  disable 
function  common  to  all  four  receivers.  Both  parts  feature  3- 
state  outputs  with  8mA  sink  capability  and  incorporate  a  fail 
safe  input-output  relationship  which  keeps  the  outputs  high 
when  the  inputs  are  open. 

The  Am26l_S32  and  Am26LS33  are  constructed  using  Ad- 
vanced Low-Power  Schottky  processing. 


LOGIC  DIAGRAM 


ENABLE     ENABLE  IND+  INq 


OUTPUT  D  OUTPUT  C 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Order 
Number 


Am26LS33 


Order 
Number 


Hermetic  DIP 
Flat  Pak 
Dice 
Hermetic  DIP 
Molded  DIP 
Dice 


-55°  C  to  +125°C 
-55°  C  to  +125°C 
-55°C  to  +125°C 
0°C  to  +70°  C 
0°C  to  +70°  C 
0°C  to  +70°  C 


AM26LS32DM 
AM26LS32FM 
AM26LS32XM 
AM26LS32DC 
AM26LS32PC 
AM26LS32XC 


AM26LS33DM 
AM26LS33FM 
AM26LS33XM 
AM26LS33DC 
AM26LS33PC 
AM26LS33XC 


CONNECTION  DIAGRAM 
Top  View 


INPUTS  A  { 

In 

OUTPUT  AM- 
ENABLE \2  — 

OUTPUT  C  ^ 


GND  Q  8 


70- 


-  OUTPUT  B 

-  ^)  ENABLE 

-  2I  OUTPUT  D 

L^^|,WPUTSO 


Note:  Pin  1  is  marked  for  orientation. 
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Supply  Voltage 



7.0V 

Common  Mode  Range 

±25V 

Differential  Input  Voltage 

±25V 

Enable  Voltage 

7.0V 

Output  Sink  Current 

50mA 

Storage  Temperature  Range 

-65°Cto  +165°C 

ELECTRICAL  CHARACTERISTICS  Over  the  operating  temperature  range 
The  following  conditions  apply  unless  otherwise  specified: 

Am26LS32XM,  Am26LS33XM  (MIL)  TA  =  -55° C  to  +1  25° C       Vcc  -  5.0V  ±  10% 

Am26LS32XC,  Am26LS33XC  (COM'L)        TA  -  0°C  to  +70° C  Vrr  =  5.0V  ±  5% 


'arameters 

Description 

Test  Conditions 

Min. 

Typ. 

\  ]>J  U  IB    1  J 

Max 

Units 

VTH 

Differential  Input  Voltage 

vOUT  =  vOL  or  Vqh 

Am26LS32,  -7V  <  VCM  <  +7V 

0.2 

0.06 

0.2 

Volts 

Am26LS33,  -15V  <  VCM  <  +15V 

0  5 

0  5 

RIN 

Input  Resistance 

-15V  <  VCM  <(  +15V  (One  input  AC  ground) 

6.0k 

8.5  k 

Q 

■in 

Input  Current  (Under  Test) 

V|N  =  +15V,  Other  Input  -15V  «;  V|N  <  +15V 

2.3 

mA 

■in 

Input  Current  (Under  Test) 

V|N  =  -15V,  Other  Input  -15V  <  V|N  <  +15V 

-2.8 

mA 

VOH 

Output  HIGH  Voltage 

Vcc  =  Mi"..  AV|M  =  +1.0V 

COM'L 

2.7 

3.4 

Volts 

VENABLE  =  0.8V,  l0H  = 

-440,uA 

MIL 

2.5 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  Min-  AV|N  ■  -1.0V 

Iql  =  4.0mA 

0.4 

Volts 

VENABLE  =0.8V 

Iql  =  8.0mA 

0.45 

VlL 

Enable  LOW  Voltage 

0.8 

Volts 

V,H 

Enable  HIGH  Voltage 

2.0 

Volts 

V| 

Enable  Clamp  Voltage 

Vcc  =  Win.,  Ijm  =  —18mA 

-1.5 

Volts 

■o 

Off-State  (High  Impedance! 

VCC  "  Max- 

V0  -  2.4V 

20 

VlA 

Output  Current 

V0  =  0.4V 

-20 

■|L 

Enable  LOW  Current 

V|N  =0.4V 

-0.2 

-0.36 

mA 

■  IH 

Enable  HIGH  Current 

V|N  =2.7V 

0.5 

20 

MA 

1] 

Enable  Input  High  Current 

V|N  -  5.5V 

1 

100 

mA 

■sc 

Output  Short  Circuit  Current 

V0  -  0V,  VCc  =  Max-  AVIN  =  +1.0V 

-15 

-50 

-85 

mA 

■cc 

Power  Supply  Current 

Vcc  =  Max.,  All  V|N  =  GND,  Outputs  Disabled 

52 

70 

mA 

VHYST 

Input  Hysteresis 

TA  -  25°C.  VCC  "  5.0V.  VCM  =  0V 

30 

mV 

tPLH 

Input  to  Output 

TA  =  25°C,  Vcc  =  5.0V,  Cl  =  1SpF,  see  test  cond.  below 

17 

25 

ns 

<PHL 

Input  to  Output 

TA  »  25°C,  Vcc  =  5.0V,  Cl  =  15pF,  see  test  cond.  below 

17 

25 

ns 

«LZ 

Enable  to  Output 

TA  =  25° C,  Vcc  =  5.0V,  Cl  -  5pF,  see  test  cond.  below 

20 

30 

ns 

tHZ 

Enable  to  Output 

TA  ■  25°C,  Vcc  =  5.0V,  Cl  "  5pF,see  test  cond.  below 

15 

22 

ns 

«ZL 

Enable  to  Output 

TA  =25°C,  VCc  =5.0V,CL=  15pF,see  test  cond.  below 

15 

22 

ns 

*ZH 

Enable  to  Output 

TA  =  25°C,  VCc  =  5.0V,  CL  =  15pF,  see  test  cond.  below 

15 

22 

ns 

Note:  1.  All  typical  values  are  Vcc  =  5.0V,  TA  =  25°C. 


LOAD  TEST  CIRCUIT 
FOR  THREE-STATE  OUTPUTS 


PROPAGATION  DELAY 

(Notes  1  and  3) 


ENABLE  AND  DISABLE  TIMES 

(Notes  2  and  3) 


CAPACITANCE 


 1  VOH 


OPPOSITE  - 
PHASE  _ 
INPUT 
TRANSITION 


1 


OUTPUT 
NORMALLY 

LOW    S,  OPEN 


Yl.3v& 


3.0V 


OUTPUT 
NORMALLY 
HIGH 


S,  OPEN/  ''3V 
 f  0' 


1  .    Diagram  shown  for  Enable  LOW. 

2.  S-|  and  S2  of  Load  Circuit  are  closed  except 
where  shown. 

3.  Pulse  Generator  for  All  Pulses:   Rate  <  1  ,OMHz; 
ZQ  =  50ft;  tr  <  15ns;tf  <  6.0ns. 
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EQUIVALENT  CIRCUIT  (1/4  Am26LS32  OR  Am26LS33) 


r 


B1 

I — VA- 


L. 


r: 


«2 

■w. — r 


L. 


-J 


*R8  <R6 


IRIS  <Rl3 


r 


<"19 


4  l—L 


— M-i 


-Kq2,  ^D9 


" — Jx22 

"29 


H>H 


5D« 


TOOTHER 
3  CIRCUITS 


Note:  R3  and  R4  value  for  Am26LS32  is  2  times  Am26LS33  \ 


TYPICAL  APPLICATION 


SHIELD  OR  COMMON  GROUND  RETURN 
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Aoi26LS31  J_ 


DATA  OUTPUT 


Two  Wire  Balanced  System. 


'\s<^Am26LS29 


DATA  OUTPUT 


Single  Wire  With  Common  Ground  Unbalanced  System. 


LINE  TERMINATION 

It  is  important  in  a  digital  communication  system  to  have  the 
minimum  amount  of  noise  generated  by  undesired  reflections 
at  the  driver  and  receiver.  There  are  numerous  ways  of  match- 
ing to  the  line.  The  line  can  be  matched  at  the  driver,  at  the 
receiver  or  both,  each  method  has  advantages  and  disadvan- 
tages. Generally  for  any  but  the  longest  lines  it  is  sufficient 
to  match  at  one  place,  and  only  when  there  are  discontinuities 
in  the  line,  party  line  operation,  or  lack  of  a  reasonable  match 
at  the  opposite  end  of  the  line  is  the  extra  hardware  of  match- 
ing at  both  ends  justified.  The  majority  of  transmission  lines 
have  fairly  low  characteristic  impedances  (in  the  range  of 
50  to  200  ohms)  and  the  currents  involved  for  a  reasonable 
voltage  swing  are  quite  large.  It  is  more  difficult  to  couple 
noise  into  this  low  impedance,  but  it  is  also  more  difficult  to 
drive,  and  line  drivers  must  have  the  ability  to  supply  large 
currents. 

Various  matching  techniques  that  can  be  employed  are  shown 
in  Figure  1.  These  impedance  charts  are  useful  in  showing  what 
happens  to  wave  fronts  traveling  down  a  line,  when  the  line 
delay  is  longer  than  the  wave  front  transition.  The  DC  input 
characteristic  of  the  receiver,  including  any  external  compo- 
nents, is  plotted  on  the  V  I  graph  together  with  the  output 
characteristic  of  the  driver,  including  any  external  components 
used  at  the  driving  end.  There  are  always  quiescent  points  — 
points  where  the  driver  and  receiver  characteristics  cross.  These 
points  represent  the  DC  voltage/current  conditions,  which  must 
eventually  be  satisfied.  To  determine  the  effect  of  switching 
from  one  quiescent  point  to  the  other,  a  line  with  a  slope 
equal  to  the  characteristic  impedance  of  the  transmission  line 
is  plotted,  starting  at  the  initial  quiescent  point  and  ending  at 
the  applicable  output  impedance  characteristic.  The  point  of 
intersection  gives  the  voltage  and  current  at  the  output  of  the 
driver  (and  the  input  of  the  transmission  line  immediately  after 
the  driver  switched  states).  From  this  point  a  line  having  an 
equal  but  opposite  slope  is  drawn  to  the  input  characteristic 
and,  at  the  intersection  shows  the  voltage/current  conditions 
of  the  wave  front  at  the  input  of  the  receiver.  This  procedure 
is  repeated  to  the  output  characteristic  and  so  on  at  each 
intersection  of  the  characteristic,  the  voltage/current  relation- 
ship for  a  particular  reflection  is  given.  The  resulting  time/ 


voltage  relationships  for  the  traveling  wavefront  at  the  two 
ends  of  the  transmission  line  are  shown  alongside. 

From  the  graphs  several  important  features  can  be  seen.  If  the 
line  is  not  matched  at  either  end  considerable  transient  voltage 
swings  can  occur.  In  fact  if  the  input  and  output  character- 
istics are  at  right  angles  to  one  another,  the  reflections  con- 
tinue for  an  infinite  time  if  the  line  is  assumed  to  have  zero 
loss.  Most  lines  have  extremely  low  losses,  and,  therefore, 
a  very  undesirable  situation  exists  if  the  line  is  not  matched  at 
either  end. 

If  the  line  is  matched  at  the  receiver,  a  voltage  wave  of  con- 
stant amplitude  travels  down  the  line  and  is  absorbed  at  the 
termination.  Note  whether  the  line  is  terminated  to  ground  or 
to  the  power  supply  the  system  consumes  DC  power,  either 
in  the  HIGH  logic  level  or  in  the  LOW  logic  level.  In  order 
to  reduce  the  power  dissipation,  a  blocking  capacitor  can  be 
used  in  series  with  the  receiver  termination.  The  capacitor  can 
be  chosen  to  look  like  a  short  circuit  to  the  voltage  wavefront 
but  stop  DC  (current)  flow.  Since  the  capacitor  must  be  charged 
and  discharged  through  the  line,  the  data  rate  is  reduced,  when 
this  technique  is  employed. 

If  the  line  is  matched  with  a  series  resistor  at  the  driver,  then 
the  line  input  initially  rises  to  one  half  the  final  voltage.  This 
wave  front  travels  down  the  line  and  is  reflected  at  the  receiver. 
When  the  reflection  reaches  the  driver  the  voltage  at  the  driver 
rises  to  its  final  amplitude.  The  receiver,  however,  sees  one 
transition  from  the  initial  to  the  final  amplitude.  When  the 
driver  switches  from  HIGH  to  LOW  a  similar  situation  occurs, 
in  which  the  input  of  the  line  sees  at  first  a  step  to  one  half  the 
final  value  and,  two  line  delays  later,  the  final  LOW  condition. 
This  back  matching  mode  of  operation  consumes  no  DC  power 
if  the  input  impedance  of  the  receiver  is  infinite.  The  advantage 
of  the  method  is  that  if  the  input  impedance  of  the  receiver 
is  high,  very  little  power  is  dissipated  and  current  only  flows 
during  the  transition  time,  which  is  twice  the  line  delay  time. 
If  back  matching  is  used  in  a  balanced  system  the  terminating 
series  resistance  must  be  divided  into  two  equal  resistances 
with  resistors  inserted  in  series  with  each  wire  in  order  to 
maintain  a  balanced  system. 
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NO  MATCHING 


SWITCHING  FROM  LOW  TO  HIGH 


SWITCHING  FROM  HIGH  TO  LOW 


VOLTAGE  VERSUS  TIME 


Zin- 


Zout  L  Zout  H 


INPUT 
OF  LINE 


MATCHING  AT 
RECEIVER  TO  - 
GROUND 

ZO  =  Zin*ZoL*Z0„ 


MATCHING  AT 
RECEIVER  TO 
SUPPLY 


Z0  =  Ziri*Z0L*ZoH 


ZoutH 


Zout  L  Zout  H 


Zout  L  Zout  H 


r  1 

1  

Zout  L  Zout  H 


Zo-ZoH 


ZoutH  1 

****** 

zout  L 

/ 

Zin    / 

/  V 

IMPEDANCE  PLOTS 


Figure!.  Line  Matching  Methods 


Metallization  and  Pad  Layout 


OUTPUT  A      3  - 


ENABLE     4  - 


OUTPUT C      5  - 


13     OUTPUT  B 


12  ENABLE 


11     OUTPUT  D 


NPUTSD         DIE  SIZE 

0.063"  X  0.C 
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USE  OF  THE  Am26LS30,  31  AND  32 
QUAD  DRIVER/RECEIVER  FAMILY  IN 
EIA  RS-422  and  423  APPLICATIONS 


By  David  A.  Laws  and  Roy  J.  Levy 


INTRODUCTION 

Today's  high-performance  data  processing  systems  de- 
mand significantly  faster  data  communications  rates  than 
are  possible  with  the  EIA  RS-232  specifications  in  use  for  the 
past  ten  years. 

Two  new  standards  prepared  by  the  Electronic  Industries 
Association  address  this  need.  EIA  RS-423  is  an  unbalanced, 
bipolar  voltage  specification  designed  to  interface  with  RS- 
232C,  while  greatly  enhancing  its  operation.  It  permits  the 
communication  of  digital  information  over  distances  of  up  to 
2000  feet  and  at  data  rates  of  up  to  300  Kilobaud.  EIA 
RS-422  is  a  balanced  voltage  digital  interface  for  com- 
municaton  of  digital  data  over  distances  of  4000  feet  or 
data  rates  of  up  to  10  megabaud. 

Advanced  Micro  Devices  has  developed  a  family  of 
monolithic  Low-power  Schottky  quad  line  drivers  and  re- 
ceivers to  meet  the  requirements  of  these  specifications. 

The  Am26LS29  and  30  line  drivers  and  the  Am26LS32  re- 
ceiver meet  all  requirements  of  RS-423  while  the 
Am26LS31  differential  line  driver  and  the  Am26LS32  re- 
ceiver meet  the  requirements  of  RS-422. 

A  second  receiver  element,  the  Am26LS33  is  available  for 
use  in  high  common  mode  noise  environments,  exceeding 
the  common  mode  voltage  requirements  of  RS-422  and  RS- 
423. 

This  application  note  reviews  the  use  of  these  devices  in 
implementing  the  new  standards.  Emphasis  is  given  to  the 
EIA  RS-422  balanced  interface. 


EIA  STANDARD  SPECIFICATIONS 

Two  basic  forms  of  operation  are  available  for  transmission 
of  digital  data  over  interconnecting  lines.  These  are  the 
single  ended  and  differential  techniques. 

The  single-ended  form  uses  a  single  conductor  to  carry  the 
signal  with  the  voltage  referenced  to  a  single  return  conduc- 
tor. This  may  also  be  the  common  return  for  other  signal 
conductors.  Figure  1a. 

The  single-ended  form  is  the  simplest  way  to  send  data  as  it 
requires  only  one  signal  line  per  circuit.  This  simplicity,  how- 
ever, is  often  offset  by  the  inability  of  this  form  to  allow 
discrimination  between  a  valid  signal  produced  by  the 
driver,  and  the  sum  of  the  driver  signal  plus  externally  in- 
duced noise  signals. 

A  solution  to  some  of  the  problems  inherent  in  the  single- 
ended  form  of  operation  is  offered  by  the  differential  form  of 
operation.  Figure  1b.  This  consists  of  a  differential  driver 
(essentially  two  single-ended  drivers  with  one  driver  always 
producing  the  complementary  output  signal  level  to  the 
other  driver),  a  twisted  pair  transmission  line  and  a  differen- 
tial line  receiver.  The  driver  signal  appears  as  a  differential 
voltage  to  the  line  receiver,  while  the  noise  signals  appear  as 
a  common  mode  signal.  The  two  signals,  therefore,  can  be 
discriminated  by  a  line  receiver  with  a  sufficient  common 
mode  voltage  operating  range. 

The  Electronic  Industries  Association,  EIA,  has  defined  a 
number  of  specifications  standardizing  the  interface  be- 
tween data  terminal  equipment  and  data  circuit  terminating 
equipment  based  on  both  single-ended  and  differential  op- 
eration. 


a)  Single  Wire  With  Common  Ground. 


DATA  ■ 
ENABLE  ■ 


I 

I  "  Zo 

ENABLE  

b)  Two  Wire  Balanced  System. 


DATA  - 
ENABLE  - 


Figure  1. 

Copyright  ©  1978  by  Advanced  Micro  Devices,  Inc. 
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The  most  widely  used  standard  for  interfacing  between  data 
terminal  equipment  and  data  communications  equipment 
today,  is  EIA  RS-232C,  issued  in  August  1969.  The  RS-232C 
electrical  interface  is  a  single-ended,  bipolar-voltage,  unter- 
minated  circuit.  This  specification  is  for  serial  binary  data 
interchange  over  short  distances  (up  to  50  feet)  at  low  rates 
(up  to  20  Kilobaud).  It  is  a  protocol  standard  as  well  as  an 
electrical  standard,  specifying  hand  shaking  signals  and 
functions  between  terminal  and  the  communications 
equipment.  As  already  noted,  single-ended  circuits  are  sus- 
ceptible to  all  forms  of  electromagnetic  interference.  Noise 
and  cross  talk  susceptibility  are  proportional  to  length  and 
bandwidth.  RS-232C  places  restrictions  on  both.  It  limits  slew 
rate  of  the  drivers  (30V/^s)  to  control  radiated  emission  on 
neighboring  circuits  and  allows  bandwidth  limiting  on  the 
receivers  to  reduce  susceptibility  to  cross  talk.  The  length 
and  slew  rate  limits  can  adequately  control  reflections  on 
unterminated  lines,  and  the  length  and  bandwidth  limits  are 
more  than  adequate  to  reduce  susceptibility  to  noise. 


Like  EIA  RS-232C,  the  new  EIA  RS-423  is  also  a  single-ended, 
bipolar-voltage  unterminated  circuit.  It  extends  the  distance 
and  data  rate  capabilities  of  this  technique  to  distances  of  up 
to  4000  feet  at  data  rates  of  3000  baud,  or  at  higher  rates  of  up 
to  300  Kilobaud  over  a  maximum  distance  of  40  feet. 

EIA  RS-422  is  a  differential,  balanced  voltage  interface  capa- 
ble of  significantly  higher  data  rates  over  longer  distances.  It 
can  accommodate  rates  of  100  Kilobaud  over  a  distance  of 
4000  feet  or  rates  of  up  to  10  megabaud.  These  performance 
improvements  stem  from  the  advantages  of  a  balanced  con- 
figuration which  is  isolated  from  ground  noise  currents.  It  is 
also  immune  to  fluctuating  voltage  potentials  between  sys- 
tem ground  references  and  to  common  mode  electromag- 
netic interference.  Figure  2  compares  the  driver  output 
waveforms  for  the  three  EIA  standard  configurations,  while 
Table  I  compares  the  key  characteristics  required  by  drivers 
and  receivers  intended  forthese  applications.  Since  RS-232C 
has  been  in  use  for  many  years,  RS-422  and  423  parameter 
values  have  been  selected  to  facilitate  an  orderly  transition 
from  existing  designs  to  new  equipment. 


a)  EIA  RS-232C  Generator  Output. 


I 

4 

C 

vss  =  lvt  -  vt| 

Vss  =  Difference  in  steady 

state  voltages 
R[_  =  3KJI  to  7Kfl 

Vss  min.  =  ±5V;  Vgs  max.  =  ±25V 


b)  EIA  RS-422  Generator  Output. 


X^-N—  ° 


to  =  Time  duration  of  the  unit  interval 
at  the  applicable  modulation  rate 
tr  s  0.1  to  when  tD  =s  200ns 
tr  s  20ns  when  to  <  200ns 


VSs  =  Difference  in  steady  state  voltages 

vSs  =  |vt  -  vt| 

Vss  min.  =  2V;  Vss  max.  =  6V 


c)  E  A  RS-423  Generator  Output. 


45011 

1 

3 

c 

=  |vt 


VSs  =  Difference  in  steady 

state  voltages 
Vss  min.  =  ±3.6V;  Vss  max.  =  ±6V 


Figure  2.  Driver  Output  Waveforms. 
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TABLE  I 

KEY  PARAMETERS  OF  EIA  SPECIFICATIONS 


Characteristics 

CIA  DC  oior1 
CIA  Ko-£j£l, 

EIA  DC  Att 
CIA  no-4£j 

CIA  DC  Alt 
CIA  Ko-4m 

Units 

Form  of  Operation 

Single  Ended 

Single  Ended 

Differential 

Max.  cable  length 

50 

2000 

4000 

Feet 

Max.  data  rate 

20K 

300K 

10M 

Baud 

Driver  output 
voltage,  open 
circuit 

±25 

±6 

6  volts 

between 

outputs 

Volts  (Max.) 

Driver  output 
voltage,  Loaded 
output* 

±5  to  ±15 

±3.6 

2  volts 

between 

outputs 

Volts  (Min.) 

Driver  output  resis- 
tance power  off 

Driver  output  short 
circuit  current  lSc 

Ro  =  3000 
±500 

IOOjuA  between 
-6  to  +6V 

±150 

100uA  between 
+6  and  -.25V 

±150 

Min. 

mA  (Max.) 

Driver  output  slew 
rate 

30  V/jusec  Max. 

Slew  rate  must  be 
controlled  based 
upon  cable  length 
and  modulation 
rate 

No  control 
necessary 

Receiver  input 
resistance  Rjn 

3K  to  7K 

s4K 

n 

Receiver  input 
thresholds 

-3  to  +3 

-0.2  to  +0.2 

-0.2  to  +0.2 

Volts  (Max.) 

Receiver  input 
voltage 

-25  to  +25 

-12  to  +12 

-12  to  +12 

Volts  (Max.) 

*±  indicates  polarity  switched  output. 


INTEGRATED  CIRCUIT  CHARACTERISTICS 

Most  semiconductor  manufacturers  offer  integrated  circuits 
designed  to  satisfy  the  old  RS-232C  standard.  A  number  of 
them  have  designs  in  progress  to  meet  the  new  EIA  specifica- 
tions. Products  available  from  Advanced  Micro  Devices  to 
meet  these  needs  are  shown  in  Table  II. 

The  Am26LS29, 30, 31  and  32  are  a  family  of  quad  drivers  and 
receivers  designed  specifically  to  meet  the  new  EIA  stan- 
dards. These  products  utilize  Low-Power  Schottky  technol- 
ogy to  incorporate  four  drivers  or  four  receivers,  together 
with  control  logic,  in  the  standard  16-pin  package  outlines. 

The  Am26LS29/30  and  the  Am26LS32  are  driver  and  receiver 
pairs  designed  to  implement  the  single-ended  EIA  RS-423 
standard.  The  Am26LS31  is  a  differential  line  driver  designed 
for  use  with  the  Am26LS32  receiver  in  a  differential  mode  to 
meet  EIA  RS-422. 

Am26LS29  AND  Am26LS30  QUAD 
RS-423  LINE  DRIVERS 

The  Am26LS29  and  30  consist  of  four  single-ended  line  driv- 
ers designed  to  meet  or  exceed  the  requirements  of  RS-423. 
The  buffered  driver  outputs  are  provided  with  sufficient 
source  and  sink  current  capability  to  drive  50  ohm  to  a  virtual 
ground  transmission  line  and  high  capacitive  loads.  The 
Am26LS29  has  a  three-state  output  control  while  the 
Am26LS30  has  a  Mode  Control  input  that  allows  it  to  operate 
as  a  dual  RS-422  driver  (with  suitable  power  supply  change- 
s).  Figure  3. 

Each  of  the  four  driver  inputs,  as  well  as  the  Enable/Mode 
Control  input  is  a  PNP  Low-Power  Schottky  input  for  reduced 


input  loading,  one-half  the  normal  fan-in.  Since  there  are  two 
inverters  from  each  input  to  output,  the  driver  is  non- 
inverting.  When  operating  in  the  RS-423  mode,  the 
Am26LS29  and  30  require  both  +5V  and  -5V  nominal  value 
power  supplies.  This  allows  the  outputs  to  swing  symmetri- 
cally about  ground  -  producing  a  true  bipolar  output.  The 
Mode  Control  (Pin  4)  of  the  Am26LS30  should  be  HI  or  tied  to 


TABLE  II 
ADVANCED  MICRO  DEVICES' 
EIA  COMPATIBLE  DEVICES 


EIA  Standard 

Drivers 

Receivers 

RS-232C 

Am1488 
Quad  Driver 

Am9616 

Triple  Driver  with 
logic  control 

Am2616 

Quad  Driver  also 
specified  for  CCITT 
V.24  and  MIL-188C 

Am1489,  1489A 
Quad  Receivers  with 
response  control  pin 

Am9617 

Triple  Receiver  with 
optional  hysteresis 
Am2617 

Quad  Receiver  specified 
over  MIL  range 

RS-422 

Am26LS31 
Quad  Differential 
with  three-state 
control  gating 

Am26LS32 

Quad  Differential  Driver 
single-ended  Receiver 

RS^»23 

Am26LS29 
Quad  Driver  with 
three-state  output 

Am26LS30 
Quad  Driver  with 
slew  rate  control 

Am26LS32 

Quad  single-ended/ 

Differential  Receiver 
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a)  Logic  Diagrams 


Am26LS29 


Am26LS30 
RS-423  Operation  (Mode  Control  HIGH) 


SR  CONTROL  A 


SR  CONTROL  A 


.  OUTPUT  A 


SR  CONTROL  B 


INPUT  B 


■  SR CONTROL B 


■  SR  CONTROL  C 


-  SR  CONTROL  D 


■  SR CONTROL C 


SR CONTROL  D 


b)  Circuit  Diagram  for  Am26LS30 


Figure  3.  Am26LS29  and  Am26LS30  Drivers. 


Vcc.  Each  output  is  designed  to  drive  the  RS-423  load  of  50 
ohms  with  an  output  voltage  equal  or  greater  than  +3.6  volts 
in  the  HI  state  and  -3.6  volts  in  the  LO  state.  Each  output  is 
current  limited  to  150mA  max.  in  either  logic  state.  A  Slew 
Rate  control  pin  is  brought  out  separately  for  each  output  to 
allow  output  ramp  rate  (rise  and  fall  time)  control. This  pro- 
vides suppression  of  near  end  cross  lalk  to  other  receivers  in 
the  cable.  Connecting  a  capacitor  from  this  node  to  that 


driver's  respective  output  will  produce  a  ramp  (10%  to  90%) 
of  50ns  typical  for  each  picofarad  of  capacitance  in  that 
capacitor.  RS-423  establishes  recommended  ramp  rates  ver- 
sus length  of  line  driven  and  modulation  rate,  Figure  4. 

The  Am26LS30  can  be  used  at  low  data  rates  as  a  dual  EIA 
RS-422  driver  with  three-state  outputs  by  connecting  the  VEE 
supply  and  the  mode  control  input  to  ground. 
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Am26LS31  QUAD  RS-422  DRIVER 

The  Am26LS31  is  a  quad  differential  line  driver  designed  to 
meet  the  RS-422  specification  while  operating  with  a  single 
+5  volt  supply.  A  common  enable  and  disable  function  con- 
trols all  four  drivers.  Figure  5.  The  driver  features  highspeed, 
de-skewed  differential  outputs  with  typical  propagation  de- 
lays of  12ns  and  residual  skew  of  2ns.  Both  differential  line 
outputs  are  designed  for  three-state  operation  to  allow 
two-way  half  duplex  and  multiplex,  data  bus  applications. 

Table  III  is  a  summary  of  the  essential  requirements  of  the 
RS-422  standard.  Section  A  describes  the  key  characteristics 
satisfied  by  the  Am26LS31  driver. 

The  balanced  differential  line  driver  consists  of  two  halves, 
each  of  which  is  similar  to  a  Low-power  Schottky  TTL  gate 
with  equal  source  and  sink  current  capability.  The  two  halves 
are  emitter  coupled  in  a  differential  input  configuration.  One 
side  of  the  input  circuit  is  tied  to  a  fixed  TTL  bias  threshold 
and  the  other  side  is  tied  to  a  sink  diode  in  normal  DTL/TTL 
fashion.  This  configuration  offers  complementary  outputs 
with  very  low  skew,  dependent  only  upon  component  match- 
ing, a  necessity  to  meet  RS-422. 


f 

4 

3 

1 

V 



Ik         300  100 


Figure  4.  Data  Modulation  Rate  or  Cable  Length 
Versus  Risetime  for  EIA  RS-423. 


The  circuit  diagram  of  the  driver  is  shown  in  Figure  6.  The 
emitter-coupled  input  circuit  is  formed  by  Q2  and  Q3,  which 
are  biased  by  a  current  source.  This  source  is  a  current 
mirror,  formed  by  Q1  which  supplies  the  current,  and  D6 
which  is  diode  connected  transistor  matched  to  Q1 .  The  fixed 
bias  for  Q3,  formed  by  D5  and  D6,  is  2VBE.  A  2VBE  bias,  less 
the  D2  Schottky  diode  drop,  provides  the  normal  Low-power 
Schottky  TTL  threshold,  V,L  =  0.7V.  R19  provides  a  boost  to 
0.8V  for  a  full  400mV  TTL  noise  margin.  The  differential 
outputs  of  the  emitter  coupled  stage,  A  and  A,  drive  emitter 
followers  Q14  and  Q15,  which  provide  the  required  speed 
and  matching  characteristics.  The  emitter  followers,  drive 
phase  splitters  Q4  and  Q5,  which  in  turn  drive  totem-pole 
outputs.  The  outputs  at  the  line  interface  are  of  standard 
Low-power  Schottky  TTL  configuration,  except  that  circuit 
values  are  modified  to  provide  high  sourcing  capability.  The 
outputs  are  designed  to  source  or  sink  20mA  each,  so  that 
they  can  generate  a  voltage  of  at  least  2.0V  across  a  1 00  ohm 
load,  as  required  by  RS-422.  Additional  circuitry  has  been 
included  to  make  the  line  outputs  three-state  for  two-way 
bus  applications.  The  Am26LS31  meets  the  RS-422  require- 
ment that  the  driver  not  load  the  line  in  the  powered  down 
condition  (lx  ==  1 0QfiA)  or  if  the  power  supply  to  that  device 
should  fail. 

Am26LS32  QUAD  RS-422  AND  423  RECEIVER 

The  Am26LS32  is  a  quad  line  receiver  which,  operating  from 
a  single  5  volt  supply,  can  be  used  in  either  differential  or 
single-ended  modes  to  satisfy  RS-422  and  423  applications 
respectively.  A  complementary  enable  and  disable  feature, 
similar  to  that  on  the  driver,  controls  all  four  receivers,  Figure 
7.  The  device's  three-state  outputs,  which  can  sink  8mA, 
incorporate  a  fail-safe  input-output  relationship  which  keeps 
the  outputs  high  when  the  inputs  are  open. 

The  Am26LS32  meets  the  receiver  input  specification  of 
Table  III,  a  200mV  threshold  sensitivity  with  common  mode 
rejection  exceeding  the  supply  line  potentials,  (greater  than  7 
volts).  The  same  design  feature  of  the  input  circuit  which 
provides  the  common  mode  rejection  also  insures  excellent 
power  supply  ripple  rejection,  which  is  important  when 
switching  the  high  currents  involved  in  a  system's  interfaces. 
Furthermore,  unlike  operational  amplifiers,  where  the  DC 
common  mode  and  power  supply  rejection  ratios  roll  off 
with  open  loop  gain,  the  full  rejection  capability  of  this  line 
receiver  is  maintained  at  high  frequencies.  The  receiver  hys- 
teresis of  typically  30mV,  provides  differential  noise  immuni- 
ty. Signals  received  on  long  lines  can  have  slow  transition 
times,  and  without  hysteresis,  a  small  amount  of  noise 
around  the  switching  threshold  can  cause  errors  in  the  re- 
ceiver output. 


ENABLE  ENABLE 


OUTPUT  OUTPUT 


OUTPUT  OUTPUT 


OUTPUT  OUTPUT 


OUTPUT  OUTPUT 


Figure  5.  Am26LS31  Logic  Diagram. 
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TABLE  III 

SUMMARY  OF  EIA  RS-422  STANDARD  FOR  A  BALANCED  DIFFERENTIAL  INTERFACE 


A.  Line 

Ope 
D 

Cc 

Diffi 
Ei 

Out 
E 

Mar 
D 

C 

Out 
E 

Out 
V 
E 

Rise 
T 

Rinc 
D 

Li 

>  Driver 

n  Circuit  Voltage  (either  logic  state) 

fferential                                         |Vd0|  s  6.0V 

mmon  Mode                                        |VCmol  *  3.0V 

srential  Output  Voltage  (across  100  ohm  load) 
ther  logic  state                |Vd|  s  max  (0.5Vdo,  2.0V) 

put  Impedance 

ther  logic  state                          RG  s  100  ohms 

k-Space  Level  Symmetry  (across  100  ohm  load) 
fferential                            |Vds|  -  |VdM|  «  0.4V 
pmmon  Mode                 |VcmS|  -  |VcmM|  s  0.4V 

put  Short  Circuit  Current  (to  ground) 

ther  Output                                  |lsc|s  150mA 

put  Leakage  Current  (power  off) 

pltage  Range                       -0.25V  «  Vx  =s  +6.0V 

ther  Output  at  Vx                             |lx|  «  100/nA 

and  Fall  Times  (across  100  ohm  load) 
=  Baud  Interval              (tr,  tf)  s  max  (0.1T,  20ns) 

jing  (across  100  ohm  load) 
efinitions 

vdss  =  vd  (steady  state) 

VSs  =  Vds-VdM  (steady  state) 

mits  (either  logic  state) 

Percentage                           I Vd  -  Vdss  |  s  0. 1  Vss 
Absolute                                2.0V  s  |Vd|  s  6.0V 

B.  Line  Receiver 

Signal  Voltage  Range 
Differential                                          |Vd|  «  6.0V 
Common  Mode                                  |VcM|  =s  7.0V 

Single-Ended  Input  Current  (power  ON  or  OFF) 
Either  Input  at  Vx                                   |VX|=  10V 
Other  Input  Grounded                        |lv|  s  3.25mA 

Single-Ended  Input  Bias  Voltage  (other  input  grounded) 
Either  Input  Open  Circuit                        |VB|  =£  3.0V 

Single-Ended  Input  Impedance  (other  input  grounded) 
Either  Input                                  RL  3*  4000  ohms 

Differential  Threshold  Sensitivity 
Common  Mode  Voltage  Range              |Vcm|  =s  7.0V 
Either  Logic  State                              |VT|  s  200mV 

Absolute  Maximum  Input  Voltage 
Differential                                          |Vd|  *  12V 
Single-Ended                                        |VX|  «  10V 

Input  Balance  (threshold  shift) 
Common  Mode  Voltage  Range              |Vcm|  «  7.0V 
Differential  Threshold  (500  ohms  in  series  with  each 

input) 

Either  Logic  State                           |V,|s  400mV 

Termination  (optional) 
Total  Load  Resistance  (differential)       RT  >  90  ohms 

Multiple  Receivers  (bus  applications) 
Up  to  10  receivers  allowed.  Differential  threshold  sen- 
sitivity of  200mV  must  be  maintained. 

Hysteresis  (optional) 
As  required  for  applications  with  slow  rise/fall  time  at 
receiver,  to  control  oscillations. 

Fail  Safe  (optional) 
As  required  by  application  to  provide  a  steady  MARK  or 
SPACE  condition  under  open  connector  or  driver 

power 
OFF  condition. 

C.  Interconnecting  Cable 

Type 

Twisted  Pair  Wire  or  Flat  Cable  Conductor  Pair 
Conductor  Size 

Copper  Wire  (solid  or  stranded)                 24  AWG  or  larger 
Other  (per  conductor)                          R  s  30  ohms/1000  ft. 

Capacitance 

Mutual  Pair                                                   C  s  20pF/ft. 
Stray                                                           C  =s  40pF/ft. 

Pair-to-Pair  Cross  Talk  (balanced) 

Attenuation  at  150KHz                                             A  s»  40dB 
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Figure  6.  Am26LS31  Circuit  Diagram  (Only  one  driver  shown). 


The  balanced  differential  line  receiver  is  a  three-stage  circuit. 
The  input  stage  consists  of  a  low-impedance  differential  cur- 
rent amplifier  with  series  resistor  inputs  to  convert  line  signal 
voltage  to  current  and  provide  a  moderate  input  impedance. 
The  input  resistors  provide  an  impedance  greater  than  6Kon 
each  input,  power  on  or  power  off,  which  exceeds  the  re- 
quirements of  RS-422  and  RS-423.  This  is  one  advantage  of 
the  current  amplifier  input  circuit.  Another  advantage  is  that 
is  can  operate  with  immunity  to  common  mode  voltages 
above  Vcc  and  below  ground.  The  differential  threshold 
sensitivity  of  this  circuit  is200mV,  as  required  by  RS-422.  The 
second  stage  is  a  differential  voltage  amplifier,  which  inter- 
faces to  the  single-ended  output  stage  through  an  emitter 
follower.  The  output  stage  is  a  standard  Low-power  Schottky 
TTL  totem-pole  output  with  three-state  capability. 

The  full  circuit  is  shown  in  Figure  8.  Resistors  R20  and  R21, 
which  connect  the  non-inverting  input  to  Vcc  and  the  invert- 
ing input  to  ground,  provide  the  fail-safe  feature,  which 
guarantees  a  HIGH  logic  state  for  the  receiver  output  when 
there  is  no  signal  on  the  line.  The  differential  voltage 
amplifier  in  the  second  stage  is  formed  by  Q6  and  Q3  which 
are  biased  by  current  source  Q9.  The  hysteresis  in  the  re- 


ceiver switching  characteristic  is  provided  by  Q4  and  Q5,  a 
differential  pair  biased  by  current  source  Q6,  whose  collec- 
tors are  connected  in  positive  feedback  to  the  input  pull-up 
circuits.  A  small  amount  of  current  is  switched  by  Q4  and  Q5, 
which  must  be  overcome  by  the  different  voltage  signal, 
resulting  in  the  hysteresis.  The  output  stage  is  driven  from 
one  side  of  the  differential  second  stage  by  emitter  follower 
Q17,  which  is  a  multiple  emitter  transistor,  the  second  emit- 
ter is  the  control  point  for  the  three-state  output.Q17  drives 
the  phase  splitter  Q12,  which  in  turn  drives  the  three-state 
totempole  output.  The  remainder  of  the  circuit  is  the  output 
enable  control  logic.  This  three-state  capability  on  the  re- 
ceiver TTL  side  of  the  interface  is  a  useful  feature  for  mod- 
ularizing two-way  bus  design. 

A  mask  option  of  the  input  resistors  (R1;  R2,  R20  and  R21) 
modifies  the  receiver  characteristics  to  improve  operation 
in  high  common  mode  noise  environments.  This  device, 
known  as  the  Am26LS33,  has  these  resistors  at  twice  the 
value  of  the  Am26LS32.  An  input  differential  or  common 
mode  voltage  range  of  ±  1 5  volts  is  achieved  at  the  expense 
of  a  minor  decrease  of  input  threshold  sensitivity,  to 
±500mV  from  ±200mV. 
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Figure  7.  Am26LS32  Logic  Diagram. 
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Note:  R3  and  R4  values  for  Am26LS32  are  half  the  Am26LS33  values. 


Figure  8.  Am26LS32  and  Am26LS33  Circuit  Diagram  (Only  one  receiver  shown). 
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APPLICATIONS  IN  MIXED  RS-232  AND  422/3 
SYSTEMS 

A  system  implemented  with  the  RS-422  differential  output 
cannot  be  used  to  drive  an  RS-232C  system  directly.  An 
RS-423  single-ended  driver,  such  as  the  Am26LS29  or 
Am26LS30,  may  be  used  provided  certain  precautions  are 
observed. 

1.  Although  the  RS-423  driver  output  specification  of  be- 
tween 4  to  5V  does  not  meet  the  RS-232C  specification  of 
6V,  operation  is  usually  satisfactory  with  RS-232C  receiv- 
ers. This  is  achieved  because  the  short  cable  lengths  per- 
mitted by  RS-232C  cause  very  little  signal  degredation 
and  because  of  the  low  source  impedance  of  the  RS-423 
driver. 

2.  RS-232C  specifies  that  the  rise  time  for  the  signal  to  pass 
through  the  ±3.0V  transition  region  shall  not  exceed  4% 
of  the  signal  element  duration.  RS-423  requires  much 
slower  rise  times,  specified  from  10%  to  90%  of  the  total 
signal  amplitude,  to  reduce  cross  talk  for  operation  over 
longer  distances.  Therefore,  the  RS-423  driver  in  the 
equipment  must  be  waveshaped.  This  is  achieved  by 
selection  of  a  capacitor  value  for  the  Am26LS30  to  simul- 
taneously meet  the  requirements  of  both  RS-423  and  RS- 
232C  for  data  rates  covered  by  RS-232C. 

3.  RS-423  specifies  one  common  return  ground  for  each 
direction  of  transmission,  RS-232C  requires  only  one 
for  both  directions  of  transmission.  Care  must  be  taken 
to  insure  that  a  return  ground  path  has  been  created 
when  interfacing  between  the  two  systems. 

4.  RS-232C  does  not  require  termination,  while  it  may  be 
necessary  for  RS-422  and  423.  Detailed  consideration  of 
termination  is  covered  in  the  next  section. 

Note  that  RS-422  and  RS-423  specifies  that  receivers  should 
not  be  damaged  by  voltages  up  to  12V,  while  RS-232C  allows 
drivers  to  produce  output  voltages  up  to  25V.  The  Am26LS32 
receiver  has  been  designed  to  avoid  this  hazard  and  can 
withstand  input  voltages  of  ±25  volts. 

RS-422  TRANSMISSION  LINE  FEATURES 

Anytime  a  receiver  and  transmitter  are  connected  with  more 
than  a  few  inches  of  a  wire,  problems  due  to  reflections  can 
arise  if  care  is  not  exercised  to  terminate  the  line  correctly. 
RS-422  describes  the  cable  as  a  twisted  pair  of  approximately 
120fi  impedance  terminated  in  a  resistor  RT.  RT  is  not 
specified  because  there  are  two  extreme  values  which  may 
be  chosen  for  the  two  following  general  classes  of  usage:  (1 ) 
single  direction  transmission;  and  (2)  multi-direction  and 
multiple  source  transmission  (party  line).  Considering  the 
cable  impedance  only,  the  termination  should  equal  the 
cable  impedance  of  120ft.  However  this  reduces  the  termi- 
nated cable  resistance  as  seen  by  the  driver  to  only  60ft,  with 
resulting  loading  of  the  output  signal.  This  loading  causes  a 
reduction  of  S/N  ratio  at  the  received  terminal  due  to  the 
decrease  in  signal  voltage  swing.  The  solution  lies  in  a  com- 
promise between  an  RT  of  120ft  which  provides  maximum 
power  transfer  at  a  reduced  S/N  ratio  or  RT  of  240ft  which 
causes  a  mis-match  of  2-to-1  but  no  S/N  reduction.  The 
choice  is  left  to  the  user  as  it  is  system  dependent.  Both 
schemes  will  work  for  an  average  line  length  and  should  only 
approach  the  margins  at  maximum  line  length  and 
maximum  bit  rates. 

Electronic  Industries  Association,  when  preparing  EIA  Stan- 


dard RS-422  conducted  their  tests  with  24  gauge  twisted  pair 
wire.  The  resulting  length  vs.  data  rate,  is  published  as  a 
guideline  in  RS-422  (Figure  9).  This  shows  two  important 
results:  (1)  Unmodulated  baseband  (NRZ)  signalling  is  not 
recommended  at  distances  greater  than  4000  feet;  (2)  At  data 


□  ATA  RATE  -  BAUDS 


Figure  9.  Data  Rate  Versus  Cable  Length  for  Balanced, 
Twisted  Pair  Cable  (From  EIA  RS-422). 

rates  above  about  100KHz,  the  maximum  cable  length  for 
acceptable  signal  quality  is  inversely  proportional  to  data 
rate. 

Result  (1)  above  is  due  to  the  DC  resistance  of  the  cable.  For  a 
4000  foot  cable  with  a  DC  resistance  of  30  ohms/1 000 feet,  the 
DC  series  loop  resistance  is  240fi.  The  minimum  allowable 
terminated  differential  load  impedance  is  90ft.  The  DC  vol- 
tage attentuation  is  90/(90  -  240)  =  1/4(6db),  which  is  arbitrar- 
ily chosen  as  the  maximum  allowable  limit. 

Result  (2)  is  due  to  line  losses.  Laboratory  tests  using  the 
26LS31  Line  Driver  connected  to  the  26LS32  Line  Receiver  by 
800  feet  of  ordinary  20  AWG  twisted  pair  (Beldon  #8205 
plastic-jacketed  wire),  terminated  in  its  characteristic  impe- 
dance of  100ft  were  evaluated.  The  input  waveform  was  a 
500KHz  square  wave  with  (10%  to  90%)  rise  and  fall  times  of 
less  than  10ns.  The  output  waveform  produced  rise  and  fall 
times  which  together  accounted  for  approximately  one-half 
the  period  (tr  +  tf  =  500ns).  This  was  due  to  line  loss  and 
constant  capacity.  The  energy  per  cycle  of  the  output 
waveform  is  approximately  25%  lower  than  that  of  the  input. 
The  input  rise  and  fall  times  are  not  a  function  of  line  length, 
assuming  matching  termination.  The  output  rise  and  fall 
times  are  dependent  upon  length  in  a  complex  manner. 
Furthermore,  it  can  be  shown  by  observation  that  they  build 
up  along  the  line. 

Many  good  reference  sources  are  available  on  the  subject  of 
transmission  lines  (References  1,  2,  3  and  4).  These  will 
provide  background  information  to  the  following  discussion. 

Seshadri  in  Reference  (1)  has  analyzed  a  line  with  series 
resistance  losses  and  has  shown  that  rise  time  varies  with 
the  square  of  the  length.  This  shows  series  resistance  to  be  a 
function  of  the  square  root  of  frequency.  However  when  one 
tries  to  use  this  result  in  combination  with  the  previous 
result,  it  becomes  apparent  just  how  difficult  the  problem  is. 
In  Reference  (2),  the  authors  point  out  that  skin  depth  implies 
a  frequency  dependent  series  inductance  as  well  as  resis- 
tance, and  that  one  cannot  be  considered  without  the  other. 


3-291 


Use  of  the  Am26LS29,  30,  31  and  32 


They  go 
namely 
tance. 


on  to  show  how  this  leads  to  the  same  result; 
that  rise  and  fall  times  vary  with  the  square  of  dis- 


No 

maximum 
than 
factors  a 
depend' 

The 
Line 

distance 


attempt  will  be  made  to  explain  here  why  Figure  5  shows 
length  varying  inversely  with  frequency  rather 
i  the  square  of  frequency.  Certainly  many  complex 
re  involved.  Our  laboratory  observations  showed  a 
ence  somewhere  in  between  linear  and  square  law. 

Quad  Line  Driver  and  the  Am26LS32  Quad 
are  capable  of  good,  clean  operation  to  the 
limits  and  data  rate  limits  of  RS-422. 


Am26LS31 
Receiver  . 


SYSTEM  APPLICATIONS 

The  Am26LS30,  31,  32  and  33  can  be  combined  in  various 


signaling  networks.  Using  Am26LS29,  Am26LS30  and 
Am26LS32,  Figure  10,  a  unidirectional  RS-423  communica- 
tion can  be  constructed.  Allowing  for  the  voltage  variation 
described  earlier,  RS-232C  requirements  can  be  satisfied.  It 
should  be  noted  that  the  Am26LS29  or  Am26LS30  is  used 
above  to  meet  the  bipolar  requirements.  If  a  single-ended 
line,  Figure  11,  is  required  without  a  bipolar  requirement,  the 
Am26LS31  can  be  used  by  biasing  the  reference  terminal  of 
the  receiver  to  approximately  1 .5  volts.  Note  that  additional 
resistors  will  enhance  fail  safe  operation. 

Figure  1 2  shows  the  use  of  the  Am26LS31  and  Am26LS32  to 
meet  a  balanced  line,  single  direction  RS-422  application.  If 
bidirectionality  is  required,  an  additional  termination  should 
be  added  as  shown  in  Figure  13. 


Am26LS29  OR 
Am26LS30 


3- 


Figure  10.  Unidirectional  RS-423  (partial  RS-232C). 


son  coax 

i 

1 

Figure  11.  Single-Ended  Line  Without  Bipolar  Requirement. 


DATA  - 


TWISTEDPAIR 

a)  RS-422  Application. 


Ik 

y  i 

(  1 

!  RT 

Ik 

b)  Improved  Fail-Safe  Margin. 


Figure  12. 


Use  of  the  Am26LS29,  30,  31  and  32 


TWISTEDPAIR 


DATA 
'  OUT 


DATA 
-  IN 


THREE-STATE 
ENABLE 


Figure  13.  Bidirectional  RS-422. 


ENABLE 

Am26LS30/32 


TWISTED  PAIR 


ENABLE 

Am26LS30/32 


THREE-STATE 
ENABLE 


ENABLE 

Am26LS30/32 


Figure  14.  Party  Line  Configuration. 


a)  Full  Duplex  Four-Wire  Data  Communication  RS-422  Interface  (with  Data  Modem). 


Am26LS30/32 


Figure  15. 
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tive.  It  Temains  the  system  reference  as  long  as  it  is  ac- 
tive. This  induced  or  system  developed  voltage  is  referred 
to  as  Common  Mode  voltage  (CMV)  and  as  such  must  be 
considered  as  a  device  parameter.  All  manufacturers 
specify  CMV  capability  of  their  receiver  in  compliance 
with  RS-422  (approx.  7  volts  plus  signal)  but  there  is  no 
specification  for  drivers.  If  the  dimensions  of  the  system 
are  short  compared  to  1/4  wave  length  of  the  maximum 
date  rise  and  fall  times,  the  CMV  can  be  assumed  to  be 
minimal  and  drivers  with  single  voltage  supply  and  lim- 
ited negative  CMV  can  be  used,  i.e.,  Am26LS31.  If  the  sys- 
tem dimensions  are  large,  the  CMV  will  cause  problems 
in  that  the  driver  will  clamp  to  the  ground  the  moment 
the  collective  or  apparent  voltage  swings  below  minus  0.5 
volts  relative  to  the  driver  ground,  causing  a  short  in  the 
line  and  increasing  level  shift  and  noise.  The  clamping  is 
caused  in  part  by  conduction  of  the  l/C  substrate  diode. 
The  problem  can  be  avoided  by  using  a  driver  with  an 
output  common  mode  range  (Am26LS30).  The  Am26LS30 
guarantees  an  output  CMV  range  of  ±10  volts  about  the 
driver  ground  reference.  New  international  standards  are 
under  consideration  to  specify  this  mode  of  operation.  In 
conclusion,  a  good  system  of  4  wire  full  duplex  for  data 
communication  would  use  as  an  outgoing  pair  an 
Am26LS30  line  driver  and  up  to  12  -  Am26LS32  line  re- 
ceivers, with  a  termination  at  the  near  and  far  ends  of  the 
cable.  The  same  system  would  use  as  an  incoming  pair 
an  Am26LS32  line  receiver  and  up  to  32  -  Am26LS30  line 
drivers  with  only  one  enabled  at  a  time  and  all  others  in 
three-state  mode  with  cable  termination  at  both  near  and 
far  ends  of  the  cable. 

Many  other  applications  are  possible  using  this  family  of 
devices.  Although  the  designs  are  based  on  the  require- 
ments of  the  EIA  data  communications  specifications, 
they  are  not  limited  to  these  situations.  Aircraft  buses  and 
internal  equipment  interconnections  will  benefit  from  the 
features  offered  by  these  products. 
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b)  Fu  I  Duplex  Four-Wire  Data  Communication 
RS-422  Interface  (without  Data  Modem). 


Figure  15.  (Cont.) 


The  high  speed  capability  of  RS-422  has  attracted  the  in- 
terest of  many  computer  designers  for  use  in  the  party 
line  mode  (Figure  14).  The  most  common  usage  is  that  of 
a  four  wire  full  duplex  exchange  system  (Figure  15).  This 
mode  of  operation  involves  two  pairs  of  wires  each  han- 
dling a  single  direction  of  traffic.  The  outgoing  direction 
consists  of  one  driver  (Am26LS30  or  Am26LS31)  and  n 
receivers  (Am26LS32  or  Am26LS33).  The  incoming  direc- 
tion consists  of  one  receiver  (Am26LS32  or  Am26LS33) 
and  n  drivers  (Am26LS30  or  Am26LS31).  This  seems  ex- 
tremely simple  to  organize.  However,  problems  arise 
when  system  ground  is  considered.  If  the  network  of  re- 
ceiver and  driver  span  a  moderate  to  long  physical  dis- 
tance, ground  loop  noise  or  differences  are  developed 
changing  the  voltage  that  appears  at  the  terminals  of  all 
receivers  and  drivers  except  for  the  one  driver  that  is  ac- 


Am2905 

Quad  Two-Input  OC  Bus  Transceiver  With  Three-State  Receiver 


— 


Distinctive  Characteristics 

•  Quad  high-speed  LSI  bus-transceiver 

•  Open-collector  bus  driver 

•  Two-port  input  to  D-type  register  on  driver 

•  Bus  driver  output  can  sink  100  mA  at  0.8V  max. 


•  Receiver  has  output  latch  for  pipeline  operation 

•  Three-state  receiver  outputs  sink  12  mA 

•  Advanced  low-power  Schottky  processing 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am2905  is  a  high-performance,  low-power  Schottky 
bus  transceiver  intended  for  bipolar  or  MOS  microprocessor 
system  applications.  The  device  consists  of  four  D-type 
edge-triggered  flip-flops  with  a  built-in  two-input  multi- 
plexer on  each.  The  flip-flop  outputs  are  connected  to  four 
open-collector  bus  drivers.  Each  bus  driver  is  internally  con- 
nected to  one  input  of  a  differential  amplifier  in  the  receiver. 
The  four  receiver  differential  amplifier  outputs  drive  four 
D-type  latches  that  feature  three-state  outputs. 

This  LSI  bus  transceiver  is  fabricated  using  advanced  low- 
power  Schottky  processing.  All  inputs  (except  the  BUS  in- 
puts) are  one  LS  unit  load.  The  open-collector  bus  output 
can  sink  up  to  100  mA  at  0.8V  maximum.  The  BUS  input 
differential  amplifier  contains  disconnect  protection  diodes 
such  that  the  bus  is  fail-safe  when  power  is  not  applied.  The 
bus  enable  input  (BE)  is  used  to  force  the  driver  outputs  to 
the  high-impedance  state.  When  BE  is  HIGH,  the  driver  is 
disabled.  The  open-collector  structure  of  the  driver  allows 
wired-OR  operations  to  be  performed  on  the  bus. 
The  input  register  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock  and  a  two-input  multiplexer  at  the 
input  of  each  flip-flop.  A  common  select  input  (S)  controls 
the  four  multiplexers.  When  S  is  LOW,  the  Aj  data  is  stored 
in  the  register  and  when  S  is  HIGH,  the  Bj  data  is  stored. 
The  buffered  common  clock  (DRCP)  enters  the  data  into 
this  driver  register  on  the  LOW-to-HIGH  transition. 

Data  from  the  A  or  B  inputs  is  inverted  at  the  BUS  output. 
Likewise,  data  at  the  BUS  input  is  inverted  at  the  receiver 
output.  Thus,  data  is  non-inverted  from  driver  input  to 
receiver  output.  The  four  receivers  each  feature  a  built-in 
D-type  latch  that  is  controlled  from  the  buffered  receiver 
latch  enable  (RLE)  input.  When  the  RLE  input  is  LOW,  the 
latch  is  open  and  the  receiver  outputs  will  follow  the  bus 
inputs  (BUS  data  inverted  and  OE  LOW).  When  the  RLE 
input  is  HIGH,  the  latch  will  close  and  retain  the  present 
data  regardless  of  the  bus  input.  The  four  latches  have  three- 
state  outputs  and  are  controlled  by  a  buffered  common 
three-state  control  (OE)  input.  When  OE  is  HIGH,  the 
receiver  outputs  are  in  the  high-impedance  state. 


Package 
Type 


ORDERING  INFORMATION 


Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°C  to  +125°C 
-55°Cto+125°C 


AM2905PC 
AM2905DC 
AM2905XC 
AM2905DM 
AM  2905  FM 
AM2905XM 


LOGIC  SYMBOL 

4     3       8     9      16    15     20  21 


Aq  B0  A,  B,  a2  b2  a3  b3 
S  R, 

DRCP 

R1 

BE  Am2905 

Us 

RLE 

oe 

BUSq      bus,      bus2  bus3 


VCC  -  Pin  24 
GND,  -  Pin  6 
GN  Do  =  Pin  18 


CONNECTION  DIAGRAM 
Top  View 


RLE  1 

• 

1 

RoLZ 

2 

Bod 

Ao  LZ 

4 

5 

GND,  ^ 

6 

BUS, 

8 

9 

"id 

10 

sic 

11 

°i  LZ 

12 

24 

□  vcc 

23 

]  DRCP 

22 

ZlR3 

21 

20 

ZlA3 

19 

18 

|  GND2 

17 

16 

Zh? 

15 

14 

□  R2 

13 

□  s 

Note:  Pin  1  is  marked  for  orientation. 
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LOGIC  DIAGRAM 


BUSg    BUS,    BUS2  BUS3 

9     9  9 


J 


->- 


l°i 

D       Q  — — T>0  


-OR0 


RECEIVER 
RTE  LATCH 
ENABLE 


MAXIMUM 

I  RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature 

-65°Cto+150°C 

Temperature 

(Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Vo 

Itage 

-0.5V  to  +7V 

DC  Output  C 

urrent,  Into  Outputs  (Except  Bus) 

30mA 

DC  Output  Current,  Into  Bus 

200  mA 

DC  Input  Cu 

rrent 

-30mA  to  +5.0mA 

ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 


Am2905XC  (COM'L)     TA  =  0  C  to  +70  C 


^CC 


MIN.  =  4.75  V    VCCMAX.  =  5.25  V 


Am2905XM  (MIL) 


T"A  ' 


-55  C  to  +125  C        VCCMIN.  -  4.50  V    Vcc  MAX .-  5.50  V 


BUS  INPUT/OUTPUT  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Typ. 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

(Note  2) 

Max. 

Units 

'OL  =  40mA 

0.32 

0.5 

Vol 

Bus  Output  LOW  Voltage 

Vcc  =  MIN. 

Iql  =  70mA 

0.41 

0.7 

Volts 

Iql  "  100mA 

0.55 

0.8 

V0  =  0.4V 

-50 

'O 

Bus  Leakage  Current 

VCC=MAX. 

V0  »  4.5V 

MIL 

200 

mA 

COM'L 

100 

'off 

Bus  Leakage  Current 
(Power  OFF) 

V0  =  4.5V 

100 

ma 

vTh 

Receiver  Input  HIGH 

Bus  enable  =  2.4V 

MIL 

2.4 

2.0 

Volts 

Threshold 

I  COM'L 

2.3 

2.0 

v-tl 

Receiver  Input  LOW 

Bus  enable  =  2.4V 

MIL 

2.0 

1.5 

Volts 

Threshold 

COM'L 

2.0 

1.6 
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ELECTRICAL  CHARACTERISTICS 


The  following  conditions  apply  unless  otherwise  noted: 

Am2905XC  (COM'L)     T  A  =  0°  C  to  +70°  C  Vcc  Ml N.  =  4.75  V      Vcc  MAX  .  =  5.25  V 

Am2905XMMIL)  T A  =  -55°C  to  + 1  25° C      Vcc  Ml  N .  =  4.50  V      Vcc  MAX .-  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

V0H 

Receiver  Output 

VCC  *  VIN 

MIL,  Iqh  "  -1.0mA 

2.4 

3.4 

Volts 

HIGH  Voltage 

V|N  =ViLor  V|H 

COM'L,  l0H  = 

-2.6  mA 

2.4 

3.4 

Receiver  Output 
LOW  Voltage 

Vcc  =  MIN. 

V|N  =  V|LorV|H 

Iql  =  4mA 

0.27 

0.4 

Vol 

lOL  =  8mA 

0.32 

0.45 

Volts 

Iql  =  12mA 

0.37 

0.5 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

VIL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

(Except  Bus) 

for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 
(Except  Bus) 

VCC  =  MIN.,  I|N  =  -18mA 

-1.5 

Volts 

III 
■  1 1_ 

Input  LOW  Current 
(Except  Bus) 

VCC  =  MAX.,  V|N=  0.4V 

-0.36 

l|H 

Input  HIGH  Current 
(Except  Bus) 

VCC  =  MAX.,  V|N=  2.7V 

20 

MA 

h 

Input  HIGH  Current 
(Except  Bus) 

Vcc=  MAX.,  V|N  =  5.5V 

100 

ma 

'0 

Receiver  Off-State 

Vcc  -  MAX. 

V0  -  2.4  V 

20 

WA 

Output  Current 

V0  =0.4V 

-20 

isc 

Receiver  Output 
Short  Circuit  Current 

VCC  -  MAX. 

-12 

-65 

mA 

'cc 

Power  Supply  Current 

VCC  =  MAX.,  All  inputs  =  GND 

69 

105 

mA 




SWITCHING  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Am2905XM  Am2905XC 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  2) 

Max. 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

'PHL 

Driver  Clock  (DRCP)  to  Bus 

21 

40 

21 

36 

ns 

*PLH 

CL  (BUS)  =  50pF 

21 

40 

21 

36 

'PHL 

Bus  Enable  (BE)  to  Bus 

R l  (BUS)  =  50S2 

13 

2G 

13 

23 

ns 

«PLH 

13 

2G 

13 

23 

•s 

Data  Inputs  (A  or  B) 

25 

23 

ns 

th 

8.0 

7.0 

<s 

Select  Input  (S) 

33 

30 

ns 

*h 

8.0 

7.0 

«PW 

Driver  Clock  (DRCP)  Pulse  Width 
(HIGH) 

28 

25 

ns 

«PLH 

Bus  to  Receiver  Output 

18 

37 

18 

34 

ns 

tPHL 

(Latch  Enable) 

CL  « 15pF 

18 

37 

18 

34 

'PLH 

Latch  Enable  to  Receiver  Output 

Ri_  =  2.0  kJ2 

21 

37 

21 

34 

ns 

«PHL 

21 

37 

21 

34 

«s 

Bus  to  Latch  Enable  (RLE) 

21 

18 

ns 

«h 

7.0 

5.0 

»ZH 

Output  Control  to  Receiver  Output 

14 

28 

14 

25 

ns 

tZL 

14 

28 

14 

25 

'HZ 

Output  Control  to  Receiver  Output 

14 

28 

14 

25 

ns 

«LZ 

14 

28 

14 

25 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type, 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
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INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


DRIVEN  INPUT 


BE  =  3.3kfi 
RLE  =  5kn 
OE  =  5kn 
A,  B,  S=  10kfi 
DRCP  =  70kI2 


H>h 


x 


BUS 
Q 


DRIVING  OUTPUT 


Note:  Actual  current  flow  direction  shown. 


TYPICAL  PERFORMANCE  CURVES 


Bus  Output  Low  Voltage 
Versus  Ambient  Temperature 


Receiver  Threshold  Variation 
Versus  Ambient  Temperature 


I    I  I 

Vrr  =  +5.0V 


VCC  =  5.5V 

r. 

Vcc  =  5.25  V 

.  .  k 

< 

I 

Vcc  =  4.75V 

COP 

I'L  ■ 

V 

>  =  4.5V 

-55  -35  -15  5    25   45    65   85  105  125 
TA  -  AMBIENT  TEMPERATURE  -  'C 


-55  -35-15  5    25   45   65    85  105  125 
TA  -  AMBIENT  TEMPERATURE  -  'C 


SWITCHING  WAVEFORMS 


3.0V 
1.3V 


MMW 


V0H 
20V 


\ 


IE 


Note:  Bus  to  Receiver  output  delay  is  measured  by  clocking  data  into  the  driver  register 
and  measuring  the  BUS  to  R  combinatorial  delay. 


Am2905 


FUNCTION  TABLE 


INPUTS 

INTERNAL 
TO  DEVICE 

BUS 

OUTPUT 

CI  IMPTIOM 

S 

Ai 

Bi 

DRCP 

BE 

RLE 

OE 

D| 

Qi 

BUS; 

Ri 

X 

X 

X 

X 

H 

X 

X 

X 

X 

x 

ririwor  r\ii"frr>ii+  Hicalilp 
Ul  ivci  Uuipui  uibduit; 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver  output  disable 

X 

X 

X 

X 

H 

L 

L 

X 

L 

1 

L 

LI 

n 

Driver  output  disable  and  receive  data 

X 

X 

X 

X 

H 

L 

L 

X 

H 

LJ 

n 

L 

via  Bus  input 

X 

X 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch  received  data 

L 

L 

X 

t 

X 

X 

X 

L 

X 

x 

x 

L 
H 

H 

X 

X 
L 

t 
t 

X 
X 

X 
X 

X 
X 

H 
L 

X 
X 

X 
X 

X 
X 

Load  driver  register 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 

X 
X 

X 
X 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 

NC 
NC 

X 
X 

X 
X 

X 
X 

No  driver  clock  restrictions 

X 
X 

X 
X 

X 
X 

X 
X 

L 
L 

X 
X 

X 
X 

L 
H 

X 
X 

H 
L 

X 
X 

Drive  Bus 

H  =  HIGH  Z    =  HIGH  Impedance  X  -  Don't  care  i  -  0,  1.2,  3 

L  =  LOW  NC  =  No  change  t  =  LOW-to-HIGH  transition 


DEFINITION  OF  FUNCTIONAL  TERMS 

Af>  Av  A2,  A3 
B0,  B,,  B2,  B3 
S 


DRCP 
BE 

BUSg,  BUS, 

bus2,  bus3 
Rrj.  Ri.  R2.  R3 

RLE 


OE 


The  "A"  word  data  input  into  the  two 
input  multiplexer  of  the  driver  register. 

The  "B"  word  data  input  into  the  two 
input  multiplexers  of  the  driver  register. 

Select.  When  the  select  input  is  LOW,  the 
A  data  word  is  applied  to  the  driver  reg- 
ister. When  the  select  input  is  HIGH,  the 
B  word  is  applied  to  the  driver  register. 

Driver  Clock  Pulse.  Clock  pulse  for  the 
driver  register. 

Bus  Enable.  When  the  Bus  Enable  is  HIGH, 
the  four  drivers  are  in  the  high  impedance 
state. 

The  four  driver  outputs  and  receiver  in- 
puts (data  is  inverted). 

The  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  A  or  B 
inputs  is  non-inverted. 

Receiver  Latch  Enable.  When  RLE  is 
LOW,  data  on  the  BUS  inputs  is  passed 
through  the  receiver  latches.  When  RLE 
is  HIGH,  the  receiver  latches  are  closed 
and  will  retain  the  data  independent  of 
all  other  inputs. 

Output  Enable.  When  the  OE  input  is 
HIGH,  the  four  three  state  receiver  out- 
puts are  in  the  high-impedance  state. 


LOAD  TEST  CIRCUIT 


O  TEST 
POINT 


15pF 
(NOTE  " 


-w- 


son 
-WV- 


:sopf 

(NOTE  1) 


Metallization  and  Pad  Layout 


DIE  SIZE  0.080"  X  0.130" 


3-299 


Am2905 


APPL 


ADDRESS 
AND 
DATA  DISPLAY 


CONTROL  8 
ALU 
OUT 


CONTROL 
SCRATCHPAD 


A  B  CONTROL 


A  B  CONTROL 


A  B  CONTROL 


The  Am2905  is  a  universal  Bus  Transceiver  useful  for  many  system  data,  address,  control  and 
timing  input/output  interfaces. 


jiz 


Iz 


o 


Am2905 

~7V 


1Z 


Am2905 

TV 


Am26S10 


o 


Am2905 


Iz 


Am2905 

~7V 


Am26S10 


1 


Iz 


Iz 


iz 


1 


3 


Using  the  Am2905  and  Am26S10  in  a  terminated  Bus  system  for  the  Am9080  MOS  Microprocessor. 
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Distinctive  Characteristics 


•  Quad  high-speed  LSI  bus  transceiver. 

•  Open-collector  bus  driver. 

•  Two-port  input  to  D-type  register  on  driver. 

•  Bus  driver  output  can  sink  100  mA  at  0.8V  max. 

•  Internal  odd  4-bit  parity  checker/generator. 


•  Receiver  has  output  latch  for  pipeline  operation. 

•  Receiver  outputs  sink  12  mA. 

•  Advanced  low-power  Schottky  processing. 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am2906  is  a  high-performance,  low-power  Schottky 
bus  transceiver  intended  for  bipolar  or  MOS  microprocessor 
system  applications.  The  device  consists  of  four  D-type 
edge-triggered  flip-flops  with  a  built-in  two-input  multiplexer 
on  each.  The  flip-flop  outputs  are  connected  to  four  open- 
collector  bus  drivers.  Each  bus  driver  is  internally  con- 
nected to  one  input  of  a  differential  amplifier  in  the  receiver. 
The  four  receiver  differential  amplifier  outputs  drive  four 
D-type  latches.  The  device  also  contains  a  four-bit  odd 
parity  checker/generator. 

This  LSI  bus  transceiver  is  fabricated  using  advanced  low- 
power  Schottky  processing.  All  inputs  (except  the  BUS  in- 
puts) are  one  LS  unit  load.  The  open-collector  bus  output 
can  sink  up  to  100  mA  at  0.8V  maximum.  The  BUS  input 
differential  amplifier  contains  disconnect  protection  diodes 
such  that  the  bus  is  fail-safe  when  power  is  not  applied.  The 
bus  enable  input  (BE)  is  used  to  force  the  driver  outputs  to 
the  high-impedance  state.  When  BE  is  HIGH,  the  driver  is 
disabled.  The  open-collector  structure  of  the  driver  allows 
wired-OR  operations  to  be  performed  on  the  bus. 

The  input  register  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock  and  a  two-input  multiplexer  at  the 
input  of  each  flip-flop.  A  common  select  input  (S)  controls 
the  four  multiplexers.  When  S  is  LOW,  the  Aj  data  is  stored 
in  the  register  and  when  S  is  HIGH,  the  Bj  data  is  stored. 
The  buffered  common  clock  (DRCP)  enters  the  data  into 
this  driver  register  on  the  LOW-to-HIGH  transition. 

Data  from  the  A  or  B  input  is  inverted  at  the  BUS  output. 
Likewise,  data  at  the  BUS  input  is  inverted  at  the  receiver 
output.  Thus,  data  is  non-inverted  from  driver  input  to 
receiver  output.  The  four  receivers  each  feature  a  built-in 
D-type  latch  that  is  controlled  from  the  buffered  receiver 
latch  enable  (RLE)  input.  When  the  RLE  input  is  LOW,  the 
latch  is  open  and  the  receiver  outputs  will  follow  the  bus 
inputs  (BUS  data  inverted).  When  the  RLE  input  is  HIGH, 
the  latch  will  close  and  retain  the  present  data  regardless  of 
the  bus  input. 

The  Am2906  features  a  built-in  four-bit  odd  parity  checker/ 
generator.  The  bus  enable  input  (BE)  controls  whether  the 
parity  output  is  in  the  generate  or  check  mode.  When  the 
bus  enable  is  LOW  (driver  enabled),  odd  parity  is  generated 
based  on  the  A  or  B  field  data  input  to  the  driver  register. 
When  BE  is  HIGH,  the  parity  output  is  determined  by  the 
four  latch  outputs  of  the  receiver.  Thus,  if  the  driver  is  en- 
abled, parity  is  generated  and  if  the  driver  is  in  the  high- 
impedance  state,  the  BUS  parity  is  checked. 


LOGIC  SYMBOL 


A„   B„     A,    B,     A2  B2 


bus0     bus,     bus2  bus3 

!   f   !  f 

5  7  17  19 

VCC  =  Pin  24 
GND,  -  Pin  6 
GND2  »  Pin  18 


CONNECTION  DIAGRAM 
Top  View 


RLE  | 

1 

24 

□  VCC 

"olZ 

2 

23 

|  DRCP 

=olZ 

3 

22 

Z1R3 

»o[Z 

4 

21 

Zl  B3 

20 

GND,  | 

6 

Am2906 

19 

ZJ8US3 

BUS,  [~~ 

7 

18 

1  GND2 

«,|Z 

8 

17 

□  bUs"2 

9 

16 

«id 

10 

ZiB2 

st\Z 

11 

ODD 

12 

13 

Note:  Pin  1  is  marked  for  orientation. 


ORDERING  INFORMATION 

Package  Temperature 
Type  Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°C  to  +125°C 
-55°Cto+125°C 
-55°Cto+125°C 


AM2906PC 
AM2906DC 
AM2906XC 
AM2906DM 
AM  2906  FM 
AM2906XM 
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LOGIC  DIAGRAM 

bUsq  bus,      bus2  bus3 


0<]  O  R 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  Cto  +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply  Voltage  to  Ground  Potential  

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 
DC  Input  Voltage 


-0.5V  to  +7V 


-0.5V  to  +VCC  max. 


-0.5V  to  +5.5V 


DC  Output  Current,  Into  Outputs  (Except  Bus) 


30mA 


DC  Output  Current,  Into  Bus 


200  mA 


DC  Input  Current 


-30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2906XC  (COM'L)  TA  =  0°C  to  +70°  C  Vcc  M  I  N .  -  4.75V         Vcc  MAX  i  "  5.25V 

Am2906XM  (MIL)  TA  =  -55°  C  to  + 1  25°  C       Vcc  M  I  N .  =  4.50  V         Vcc  MAX.  -  5.50V 

BUS  INPUT/OUTPUT  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Typ. 

Parameters  Description  Test  Conditions  (Note  i)  Min.        (Note  2) 


Max. 


Units 


vol 


Bus  Output  LOW  Voltage 


Iql  =  40mA 


Iql  =  70mA 


IOL 


■  100mA 


0.32 


0.55 


0.5 


V0  =  0.4V 


I© 


Bus  Leakage  Current 


Vcc  =  MAX. 


V0  =  4.5V 


MA 


COM'L 


'off 


Bus  Leakage  Current 
(Power  OFF) 


V0  -  4.5V 


MA 


VTH 


Receiver  Input  HIGH 
Threshold 


Bus  enable  =  2.4V 


2.0 


COM'L 


2.0 


VTL 


Receiver  Input  LOW 
Threshold 


Bus  enable  =  2.4V 


MIL 


COM'L 


2.0 
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ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 


Am2906XC  (COM'L)  TA  =  0° C  to  +70° C  Vcc  M I N.  =  4.75 V        Vcc  MAX.  =  5.25V 

Am2906XM  (MIL)  T A  =  -55° C  to  +  1  25°C       VCCMIN.4.5V  Vcc  MAX.  =  5.5V 

DC  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


Parameters 

Description 

Test  Conditions  (Note  i) 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

Receiver  Output 

Vcc-MIN. 

MIL 

l0H  =  -1mA 

2.4 

3.4 

V0H 

HIGH  Voltage 

V|N  =  V|Lor  V|H 

COM'L 

l0H  =  -2.6mA 

2.4 

3.4 

Volts 

Parity  Output 

VCC  =  MIN.,  I0H  *  -660uA 

MIL 

2.5 

3.4 

HIGH  Voltage 

V,N  =  V|Hor  V|L 

COM'L 

2.7 

3.4 

VCC  =  MIN. 

VIN  =  V|Lor  V|H 

Iql  =  4mA 

0.27 

0.4 

Vol 

(Except  Bus) 

Iql  t  8mA 

0.32 

0.45 

Volts 

Iql  =  12mA 

0.37 

0.5 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

0.7 

Volts 

(Except  Bus) 

for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage 
(Except  Bus) 

VCC  =  MIN.,  1  |N  «  -18mA 

-1.2 

Volts 

Input  LOW  Current 
(Except  Bus) 

VCC  =  MAX.,  V|N- 0.4V 

-0.36 

mA 

l|H 

Input  HIGH  Current 
(Except  Bus) 

Vcc  "  MAX.,  V|N  =  2.7V 

20 

fiA 

"l 

Input  HIGH  Current 
(Except  Bus) 

VCC  "  MAX.,  V|N  =  5.5V 

100 

uA 

isc 

Output  Short  Circuit  Current 
(Except  Bus) 

VCC  =  MAX. 

-12 

-65 

mA 

ice 

Power  Supply  Current 

VCC  =  MAX.,  All  inputs  =  GND 

72 

105 

mA 

SWITCHING  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Am2906XM  Am2906XC 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  2) 

Max. 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

tpHL 

21 

36 

Driver  Clock  (DRCP)  to  Bus 

21 

40 

tPLH 

CL(BUS)  =  50pF 

21 

40 

36 

ns 

«PHL 

Bus  Enable  (BE)  to  Bus 

RL(BUS)  =  son 

13 

26 

13 

23 

ns 

«PLH 

13 

26 

13 

23 

«s 

Data  Inputs  (A  or  B) 

25 

23 

ns 

«h 

8.0 

7.0 

«s 

• 

Select  Inputs  (S) 

33 

30 

ns 

«h 

8.0 

7.0 

tpyy 

Clock  Pulse  Width  (HIGH) 

28 

25 

ns 

tPLH 

Bus  to  Receiver  Output 

18 

37 

18 

34 

ns 

«PHL 

(Latch  Enabled) 

18 

37 

18 

34 

«PLH 

Latch  Enable  to  Receiver  Output 

CL -  15pF 
RL  '  2.0kn 

21 

37 

21 

34 

ns 

'PHL 

21 

37 

21 

34 

«S 

Bus  to  Latch  Enable  (RLE) 

21 

18 

ns 

th 

7.0 

5.0 

tPLH 

A  or  B  Data  to  Odd  Parity  Output 

21 

40 

21 

36 

ns 

tPHL 

(Driver  Enabled) 

21 

40 

21 

36 

«PLH 

Bus  to  Odd  Parity  Output 

21 

40 

21 

36 

ns 

tPHL 

(Driver  Inhibited,  Latch  Enabled) 

21 

40 

21 

36 

«PLH 

Latch  Enable  (RLE)  to 

21 

40 

21 

36 

ns 

«PHL 

Odd  Parity  Output 

21 

40 

21 

36 

Notes:  1.    For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VcC  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
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INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


DRIVEN  INPUT 


DRIVING  OUTPUT 


BUS 

o 


1 


X 


Note:  Actual  current  flow  direction  shown. 


TYPICAL  PERFORMANCE  CURVES 


Bus  Output  Low  Voltage 
Versus  Ambient  Temperature 


Receiver  Threshold  Variation 
Versus  Ambient  Temperature 


lBUS-40mA 

MM 


vc 

--5 

.5V 

/: 

Vcc- 5.25V 

_  i 

< 

i  i 

■  i 

■'ci 

-4.75V 

V 

,5  V 

1 — I — . 

I 

-55  -35  -15  5    25   45    65   85  105  125 
T.  -  AMBIENT  TEMPERATURE  -  "C 


-55  -35-15  5    25   45    65    85  105  125 
Tfl  -  AMBIENT  TEMPERATURE  -  "C 


SWITCHING  WAVEFORMS 


f      \  £ 


Jt 


MMM  ^ 


RECEIVER 
OUTPUT 


v0H 


\ 


vOH 


Note:  Bus  to  Receiver  output  delay  is  measured  by  clocking  data  into  the  driver  register 
and  measuring  the  BUS  to  R  combinatorial  delay. 
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FUNCTION  TABLE 


INTERNAL 

INPUTS 

TO  DEVICE 

BUS 

OUTPUT 

FUNCTION 

s 

Aj 

Bi 

DRCP 

BE 

RLE 

OE 

Di 

BUSj 

Ri 

X 

X 

X 

X 

H 

X 

X 

X 

x 

z 

X 

Driver  output  disable 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver  output  disable 

X 

X 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver  output  disable  and  receive  data 

X 

X 

X 

x 

H 

L 

L 

x 

|-| 

H 

L 

via  Bus  input 

x 

x 

x 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch  received  data 

L 

L 

X 

t 

X 

X 

X 

L 

X 

X 

X 

L 

H 

X 

t 
1 

V 
A 

X 

X 

n 

v 

A 

X 

X 

H 

t 

Load  driver  register 

X 

L 

X 

X 

X 

L 

X 

X 

X 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No  driver  clock  restrictions 

X 

X 

X 

H 

X 

X 

X 

NC 

X 

X 

X 

X 

X 

X 

X 

L 

X 

X 

L 

X 

H 

X 

Drive  Bus 

X 

X 

X 

X 

L 

X 

X 

H 

X 

L 

X 

H  -  HIGH 
L  -  LOW 


Z  =  HIGH  Impedance 
NC  =  No  change 


Don't  care 

LOW-TO  HIGH  transition 


i  -  0.  1.  2,  3 


DEFINITION  OF  FUNCTIONAL  TERMS 

Aq,  A-],A2,  A3    The  "A"  word  data  input  into  the  two 
input  multiplexer  of  the  driver  register. 

Bq,  B-|,  B2,  B3     The  "B"  word  data  input  into  the  two 
input  multiplexers  of  the  driver  register. 

S  Select.  When  the  select  input  is  LOW,  the 

A  data  word  is  applied  to  the  driver  reg- 
ister. When  the  select  input  is  HIGH,  the 
B  word  is  applied  to  the  driver  register. 

Driver  Clock  Pulse.  Clock  pulse  for  the 
driver  register. 

Bus  Enable.  When  the  Bus  Enable  is  HIGH, 
the  four  drivers  are  in  the  high  impedance 
state. 


DRCP 
BE 

bOs0,  bus^ 

BUS2,  BUS3 

Ro.  Ri.  "2.  R3 

RLE 


OE 


The  four  driver  outputs  and  receiver  in- 
puts (data  is  inverted). 

The  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  A  or  B 
inputs  is  non-inverted. 

Receiver  Latch  Enable.  When  RLE  is 
LOW,  data  on  the  BUS  inputs  is  passed 
through  the  receiver  latches.  When  RLE 
is  HIGH,  the  receiver  latches  are  closed 
and  will  retain  the  data  independent  of 
all  other  inputs. 

Output  Enable.  When  the  OE  input  is 
HIGH,  the  four  three  state  receiver  out- 
puts are  in  the  high-impedance  state. 


LOAD  TEST  CIRCUIT 


jrF 


50  n 


C8 
Z±50dF 

(NOTE  I| 


Metallization  and  Pad  Layout 


BUS0  5  - 

GND1  6- 

BUS,  7  - 

A,  8- 

B,  9- 
R1  10- 

BE  11- 


mm 

m 


in: 


-22  R3 

-21  B3 

-20  A3 

- 19  BUS3 


-17  BUSj 


DIE  SIZE  0.080"  X  0.130" 
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APPLICATIONS 


SELECT  ■ 


A 

S 

B 

DRCP 

Am2906 

BE 

RLE 

R 

ODD  BUS 

TT 


1 


R  ODD  BUS 


3 


p1    p2  p3   p4    p5   p6  p7  p8  p9 


ODD/EVEN 
" CONTROL 
L  =  EVEN 
H  =  ODD 


Generating  or  checking  parity  for  16  data  bits. 


zz 


o 


TV 


Art.2906 


ZZ 


Am26S10 


o 


zZ 


Am2906 


7V 


ZZ 


zz 


_iz 
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Using  the  Am2906  and  Am26S10  in  a  terminated  Bus  system  for  the  Am9080  MOS  Microprocessor. 
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Distinctive  Characteristics 

•  Quad  highspeed  LSI  bus-transceiver 

•  Open-collector  bus  driver 

•  D-type  register  on  driver 

•  Bus  driver  output  can  sink  100  mA  at  0.8  V  max. 

•  Internal  odd  4-bit  parity  checker/generator 


•  Receiver  has  output  latch  for  pipeline  operation 

•  Three-state  receiver  outputs  sink  12  mA 

•  Advanced  Low-Power  Schottky  processing 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am2907  is  a  high-performance,  low-power  Schottky  bus 
transceiver  intended  for  bipolar  or  MOS  microprocessor  system 
applications.  The  device  consists  of  four  D-type  edge-triggered 
flip-flops.  The  flip-flop  outputs  are  connected  to  four  open- 
collector  bus  drivers.  Each  bus  driver  is  internally  connected 
to  one  input  of  a  differential  amplifier  in  the  receiver.  The 
four  receiver  differential  amplifier  outputs  drive  four  D-type 
latches,  that  feature  three-state  outputs.  The  device  also  con- 
tains a  four-bit  odd  parity  checker/generator. 
This  LSI  bus  transceiver  is  fabricated  using  advanced  low- 
power  Schottky  processing.  All  inputs  (except  the  BUS  inputs) 
are  one  LS  unit  load.  The  open-collector  bus  output  can  sink 
up  to  100  mA  at  0.8  V  maximum.  The  BUS  input  differential 
amplifier  contains  disconnect  protection  diodes  such  that  the 
bus  is  fail-safe  when  power  is  not  applied.  The  bus  enable  input 
(BE)  is  used  to  force  the  driver  outputs  to  the  high-impedance 
state.  When  BE  is  HIGH,  the  driver  is  disabled.  The  open- 
collector  structure  of  the  driver  allows  wired-OR  operations  to 
be  performed  on  the  bus. 

The  input  register  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock.  The  buffered  common  clock  (DRCP) 
enters  the  Aj  data  into  this  driver  register  on  the  LOW-to-HIGH 
transition. 

Data  from  the  A  input  is  inverted  at  the  BUS  output.  Like- 
wise, data  at  the  BUS  input  is  inverted  at  the  receiver  output. 
Thus,  data  is  non-inverted  from  driver  input  to  receiver  output. 
The  four  receivers  each  feature  a  built-in  D-type  latch  that  is 
controlled  from  the  buffered  receiver  latch  enable  (RLE)  input. 
When  the  RLE  input  is  LOW,  the  latch  is  open  and  the  receiver 
outputs  will  follow  the  bus  inputs  (BUS  data  inverted  and  OE 
LOW).  When  the  RLE  input  is  HIGH,  the  latch  will  close  and 
retain  the  present  data  regardless  of  the  bus  input.  The  four 
latches  have  three-state  outputs  and  are  controlled  by  a 
buffered  common  three-state  control  (OE)  input.  When  OE  is 
HIGH,  the  receiver  outputs  are  in  the  high-impedance  state. 
The  Am2907  features  a  built-in  four-bit  odd  parity  checker/ 
generator.  The  bus  enable  input  (BE)  controls  whether  the 
parity  output  is  in  the  generate  or  check  mode.  When  the  bus 
enable  is  LOW  (driver  enabled),  odd  parity  is  generated  based 
on  the  A  field  data  input  to  the  driver  register.  When  BE  is 
HIGH,  the  parity  output  is  determined  by  the  four  latch  out- 
puts of  the  receiver.  Thus,  if  the  driver  is  enabled,  parity  is 
generated  and  if  the  driver  is  in  the  high-impedance  state,  the 
BUS  parity  is  checked. 


LOGIC  SYMBOL 


3 
I 

7  13 

1  1 

17 

1 

Ao 

Ai  A2 

A3 

19   

DRCP 

ODD 

1  — O 

RLE 

B0 

Am2907 

Rl 

9   O 

BE 

B2 

11  — O 

OE 

B3 

BUSq 

BUSi  8US2 

BUS3 

?  f  ?  t 


GND,  -  Pin  5 
GND2  =  Pin  IS 


CONNECTION  DIAGRAMS 
Top  Views 

DIP 


Note:  Pin  1  is  marked  for  orientation. 


ORDERING  INFORMATION 

Package  Temperature 
Type  Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
*  Hermetic  Flat  Pak 
Dice 

*Available  on  special  order 


0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°  C  to  +125°C 
-55°C  to  +125°C 
-55°Cto+125°C 


AM2907PC 
AM2907DC 
AM2907XC 
AM2907DM 
AM2907FM 
AM2907XM 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply  Voltage  to  Ground  Potential 


-0.5  V  to  +7  V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5  V  to  +Vqc  max. 


DC  Input  Voltage 


-0.5  V  to +5.5  V 


DC  Output  Current,  Into  Outputs  (Except  BUS) 


30  idA 


DC  Output  Current,  Into  Bus 


200  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 


ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2907XC  ICOM'L)  TA  =  0°C  to  +70° C  Vcc  M I N.  =  4.75 V         Vcc  MAX.  =  5.25V 

Am2907XM  (MIL)  T A  =  -55°  C  to  + 1  25° C       Vcc  M I N .  =  4.50V         Vcc  MAX.  =  5.50V 

BUS  INPUT/OUTPUT  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Typ. 

Parameters  Description  Test  Conditions  (Note  i )  Min.        (Note  2) 


Max. 


Units 


vol 


Bus  Output  LOW  Voltage 


Vcc  =  MIN. 


Iql  =  40mA 


Iql  =  70mA 


Iql  =  100mA 


'0 


V0  =  0.4V 


-50 


us  Leakage  Current 


VcC  =  MAX. 


V0  =4.5V 


MIL 


200 


COM'L 


'OFF 


Bus  Leakage  Current  (Power  Off) 


V0  =  4.5V 


v-m 


Receiver  Input  HIGH  Threshold 


Bus  Enable  =  2.4  V 


COM'L 


VJL 


Receiver  Input  LOW  Threshold 


Bus  Enable  =  2.4V 


2.0 


1.5 


COM'L 


1.6 
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ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2907XC  (COM'L)  TA  =  0°  C  to +70°  C  Vcc  M I N.  -  4.75 V        Vcc  MAX .  =  5.25 V 

Am2907XM  (MIL)  TA  =  -55° C  to  + 1  25° C       Vcc  M I N.  =  4.50V        Vcc  MAX .  =  5.50V 

DC  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Parameters  Description  Test  Conditions  (Note  1 )  Min.        Typ.(Note2)       Max.  Units 


V0H 

Receiver 

Output  HIGH  Voltage 

Vcc  =  MIN. 

V|N  =  vILor  VIH 

MIL:  l0H  =  -1mA 

2.4 

3.4 

Volts 

COM'L:  l0H  "  -2.6mA 

2.4 

3.4 

V0H 

Parity 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  -660/JA 
V|N  =  V|H  or  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

v0l 

Output  LOW  Voltage 
(Except  Bus) 

Vcc  =  MIN. 

V,N  =  V,Lor  Vm 

'OL=  4mA 

0.27 

0.4 

Volts 

'OL=  8mA 

0.32 

0.45 

Iql  =  12mA 

0.37 

0.5 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 
(Except  Bus) 

Guaranteed  input  logical  LOW 
for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

input  *  ■  i «a 1 1 1 jj  v  ui  nayc 

( Except  Bus) 

Vcc  =  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

IlL 

Input  LOW  Current 
(Except  Bus) 

VCC  =  MAX.,  V|N  =  0.4  V 

-0.36 

mA 

•iH 

Input  HIGH  Current 
(Except  Bus) 

VcC=  MAX.,  V|N  =  2.7  V 

20 

MA 

l| 

Input  HIGH  Current 
(Except  Bus) 

VCC  ;  MAX.,  V|N  =  5.5  V 

100 

MA 

'sc 

Output  Short  Circuit 
Current  (Except  Bus) 

VCC  =  MAX. 

-12 

-65 

mA 

•cc 

Power  Supply  Current 

VCC  *  MAX.,  All  Inputs  =  GND 

75 

110 

m  A 

io 

Off -State  Output  Current 
(Receiver  Outputs) 

VCC  =  MAX. 

V0  =  2.4  V 

20 

MA 

V0  =  0.4  V 

-20 

SWITCHING  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Am2907XM 
Typ. 

Parameters  Description  Test  Conditions  Min.     (Note  2)  Max. 


*PHL 

Driver  Clock  (DRCP)  to  Bus 

21 

40 

21 

36 

ns 

«PLH 

CL(BUS)  =  50pF 

21 

40 

21 

36 

»PHL 

Bus  Enable  (BE")  to  Bus 

RL(BUS)  =  50S2 

13 

26 

13 

23 

ns 

'PLH 

13 

26 

13 

23 

<s 

A  Data  Inputs 

25 

23 

ns 

th 

8.0 

7.0 

«PW 

Clock  Pulse  Width  (HIGH) 

28 

25 

ns 

«PLH 

Bus  to  Receiver  Output 

18 

37 

18 

34 

ns 

tPHL 

(Latch  Enabled) 

18 

37 

18 

34 

tPLH 

Latch  Enable  to  Receiver  Output 

21 

37 

21 

34 

ns 

«PHL 

CL -  15pF 
R|_  =  2.0kS2 

21 

37 

21 

34 

«s 

Bus  to  Latch  Enable  (RLE) 

21 

18 

ns 

th 

7.0 

5.0 

'PLH 

A  Data  to  Odd  Parity  Out 

21 

40 

21 

36 

ns 

<PHL 

(Driver  Enabled) 

21 

40 

21 

36 

<PLH 

Bus  to  Odd  Parity  Out 

21 

40 

21 

36 

ns 

tPHL 

(Driver  Inhibit) 

21 

40 

21 

36 

'PLH 

Latch  Enable  (RLE)  to  Odd 

21 

40 

21 

36 

ns 

tPHL 

Parity  Output 

21 

40 

21 

36 

tZH 

Output  Control  to  Output 

14 

28 

14 

25 

ns 

«ZL 

14 

28 

14 

25 

«HZ 

Output  Control  to  Output 

CL  =  5.0pF 

14 

28 

14 

25 

ns 

tLZ 

RL  =  2.0k52 

14 

28 

14 

25 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 


Am2907XC 
Typ. 

Min.     (Note  2)     Max.  Units 
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INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


DRIVEN  INPUT 


RLE  =  5k£l 
OE  =  Skn 
A,  8.  S=  lOkfi  I 
DRCP  =  IQkP, 


1 


X 


DRIVING  OUTPUT 


Note:  Actual  current  flow  direction  shown. 


TYPICAL  PERFORMANCE  CURVES 


Bus  Output  Low  Voltage 
Versus  Ambient  Temperature 


Receiver  Threshold  Variation 
Versus  Ambient  Temperature 


V 

cc  - 

•5 

V 

'BUS"  100mA 

1  BUS- 70  mA 

1      1     II  ' 

BUS 

-  4 

Vcc  "  5.5V 

/■ 

Vcc  -  5.25V 

1  F> 

5° 

I'L 

VCC"" 

75V 

VCC.4.5V 

55  -35  -15  5  25  45  65  85  105  125 
TA  -  AMBIENT  TEMPERATURE  -°C 


-55  -35  -15  5    25   45    65    65  106  125 
T.  -  AMBIENT  TEMPERATURE  -  -C 


SWITCHING  WAVEFORMS 


/     \  £ 


r 


30  V 

1.3V 


"I 


BUS 
OUTPUT 


RECEIVER 
OUTPUT 


'phl — r-  |— — 


\ 


IE 


Note:  Bus  to  Reciever  output  delay  is  measured  by  clocking  data  into  the  driver  register 
and  measuring  the  BUS  to  R  combinatorial  delay. 
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TRUTH  TABLE 


INPUTS 

INTERNAL 
TO  DEVICE 

BUS 

/-\  1  ■  -j-  r\  I  1  -p- 

OUTPUT 

FUNCTION 

Aj 

DRCP 

BE 

RLE 

OE 

Di 

Qi 

Bj 

Ri 

X 

X 

H 

X 

X 

X 

X 

H 

X 

Driver  output  disable 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver  output  disable 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver  output  disable  and  receive  data 

v 
A 

X 

Lj 
n 

L 

L 

X 

H 

H 

L 

via  Bus  input 

X 

X 

X 

H 

X 

X 

IMC 

X 

X 

Latch  received  data 

L 
H 

t 
t 

X 
X 

X 
X 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 

Load  driver  register 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 

NC 
NC 

X 
X 

X 
X 

X 
X 

No  driver  clock  restrictions 

X 
X 

X 
X 

L 
L 

X 
X 

X 
X 

L 
H 

X 
X 

H 
L 

X 
X 

Drive  Bus 

H  =  HIGH        Z  =  High  Impedance      X  -  Don't  Care  i  -  0.  1,  2,  3 

L  =  LOW         NC  =  No  Change  t  -  LOW-to-HIGH  Transition 


PARITY  OUTPUT  FUNCTION  TABLE 


BE 

ODD  PARITY  OUTPUT 

L 
H 

ODD  =  Ao  ®  Ai  ®  A2  <n  A3 
ODD  =  Qq  ®  Q1  ®  Q2  *  Q3 

DEFINITION  OF  FUNCTIONAL  TERMS 

DRCP    Driver  Clock  Pulse.  Clock  pulse  for  the  driver  register. 

BE  Bus  Enable.  When  the  Bus  Enable  is  LOW,  the  four 
drivers  are  in  the  high  impedance  state. 

BUSo.  BUSi,  BUS2,  BUS3  The  four  driver  outputs  and 
receiver  inputs  (data  is  inverted). 

R0.  R1.  R2.  R3  Tne  f°ur  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  A  or  B  inputs  is  non- 
inverted. 

RLE  Receiver  Latch  Enable.  When  RLE  is  LOW,  data  on  the 
BUS  inputs  is  passed  through  the  receiver  latches.  When  RLE 
is  HIGH,  the  receiver  latches  are  closed  and  will  retain  the 
data  independent  of  all  other  inputs. 

ODD  Odd  parity  output.  Generates  parity  with  the  driver 
enabled,  checks  parity  with  the  driver  in  the  high-impedance 
state. 

OE  Output  Enable.  When  the  OE  input  is  HIGH,  the  four 
three-state  receiver  outputs  are  in  the  high-impedance  state. 


LOAD  TEST  CIRCUIT 


7 

ipF  -,- 

5"I 


500F 

(NOTE  1) 


Metallization  and  Pad  Layout 


DIE  SIZE  0.088"  X  0.103" 
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APPLICATIONS 


Am2907 
DATA 
REGISTER 


BUS  Am2907 


Am291B 
STATUS  REGISTER 


Am2909 
MICROPROGRAM 
SEQUENCER 


Am2918 
MICROWORD 
REGISTER 


r  Am2901 
BIPOLAR 
MICROPROCESSOR 


The  Am2907  can  be  used  as  an  I/O  Bus  Transceiver  and  Main  Memory  I/O  Transceiver 
in  high-speed  Microprocessor  Systems. 


\7 


X 
I 
I 


I/O  DEVICES 


1LJL  JL  D 


Am2907 

-TV 


Am2907 

~rr 


Am26S10 

~7V 


1Z 


Am2907  Am2907  Am26S10 


7>  7^ 


1 
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Using  the  Am2907  and  Am26S10  in  a  terminated  Bus  system  for  the  Am9080  MOS  Microprocessor. 
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Distinctive  Characteristics 

•  Quad  high-speed  LSI  bus-transceiver 

•  Three-state  bus  driver 

•  Two-port  input  to  D-type  register  on  driver 

•  Bus  driver  output  can  sink  48mA  at  0.5V  max. 

•  Receiver  has  output  latch  for  pipeline  operation 


•  Three-state  receiver  outputs  sink  12mA 

•  Advanced  low-power  Schottky  processing 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 

•  3.5V  minimum  output  high  voltage  for  direct  inter- 
face to  MOS  microprocessors 


FUNCTIONAL  DESCRIPTION 

The  Am2915A  is  a  high-performance,  low-power  Schottky  bus 
transceiver  intended  for  bipolar  or  MOS  microprocessor  system 
applications.  The  device  consists  of  four  D-type  edge-triggered 
flip-flops  with  a  built-in  two-input  multiplexer  on  each.  The 
flip-flop  outputs  are  connected  to  four  three-state  bus  drivers. 
Each  bus  driver  is  internally  connected  to  the  input  of  a 
receiver.  The  four  receiver  outputs  drive  four  D-type  latches 
that  feature  three-state  outputs. 

This  LSI  bus  transceiver  is  fabricated  using  advanced  low- 
power  Schottky  processing.  All  inputs  (except  the  BUS  inputs) 
are  one  LS  unit  load.  The  three-state  bus  output  can  sink  up 
to  48mA  at  0.5V  maximum.  The  bus  enable  input  (BE)  is 
used  to  force  the  driver  outputs  to  the  high-impedance  state. 
When  BE  is  HIGH,  the  driver  is  disabled.  The  V0h  and  V0|_  of 
the  bus  driver  are  selected  for  compatibility  with  standard  and 
Low-Power  Schottky  inputs. 

The  input  register  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock  and  a  two-input  multiplexer  at  the 
input  of  each  flip-flop.  A  common  select  input  (S)  controls  the 
four  multiplexers.  When  S  is  LOW,  the  Aj  data  is  stored  in  the 
register  and  when  S  is  HIGH,  the  Bj  data  is  stored.  The  buffered 
common  clock  (DRCP)  enters  the  data  into  this  driver  register 
on  the  LOW-to-HIGH  transition. 

Data  from  the  A  or  B  inputs  is  inverted  at  the  BUS  output. 
Likewise,  data  at  the  BUS  input  is  inverted  at  the  receiver  out- 
put. Thus,  data  is  non-inverted  from  driver  input  to  receiver 
output.  The  four  receivers  each  feature  a  built-in  D-type  latch 
that  is  controlled  from  the  buffered  receiver  latch  enable 
(RLE)  input.  When  the  RLE  input  is  LOW,  the  latch  is  open 
and  the  receiver  outputs  will  follow  the  bus  inputs  (BUS  data 
inverted  and  OE  LOW).  When  the  RLE  input  is  HIGH,  the 
latch  will  close  and  retain  the  present  data  regardless  of  the 
bus  input.  The  four  latches  have  three-state  outputs  and  are 
controlled  by  a  buffered  common  three-state  control  (OE) 
input.  When  OE  is  HIGH,  the  receiver  outputs  are  in  the  high- 
impedance  state. 


Package 
Type 


ORDERING  INFORMATION 

Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 

0°C  to  +70°  C 
0°C  to  +70°  C 
-55°  C  to  +125°C 
-55°Cto+125°C 
-55°C  to  +125°C 


AM2915APC 
AM2915ADC 
AM2915AXC 
AM2915ADM 
AM2915AFM 
AM2915AXM 


LOGIC  SYMBOL 


4     3       8     9      16    15      20  21 


*0  B0     A1    Bl     A2  S2     A3  B3 


bus0     bus,     bus2  bus3 

?  ?  ?  f 


Vcc-Pin24 
GND,  -  Pin  6 
GND2  -  Pin  18 


CONNECTION  DIAGRAM 
Top  View 


RLE  Q 

1 

24 

Zl  vcc 

»olZ 

2 

23 

|  DRCP 

3 

22 

□  "3 

4 

21 

5 

20 

Zl*3 

GND, 
BUS, 

6 

Am2915A 

7 

19 
18 

•t.C 

8 

17 

|  BUS2 

=iLZ 

9 

16 

Z]*2 

»iC 

10 

15 

Z]82 

11 

14 

Zl"2 

OEfZ 

12 

13 

=1  = 

Note:  Pin  1  is  marked  for  orientation. 
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LOGIC  DIAGRAM 


•oo- 


BUS0    BUS,    BUS2  BUS3 

9     9  9 


A2  O- 


B2  O- 


A3  O — 


DRIVER 
CLOCK 


B3  0- 


PO  ^O- 

EO-O^- 


->- 


-^O  O  RLi 


RECEIVER 
LATCH 
ENABLE 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential 


-0.5V  to  +7V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +7V 


DC  Output  Current,  Into  Outputs  (Except  Bus) 


30mA 


DC  Output  Cu 

■rent,  Into  Bus 

100mA 

DC  Input  Curr 

-fit 

-30mA  to  +5. 0mA 

ELECTRIC/ 

kL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2915AXC  (COM'L)       TA  =  0°C  to  +70°C  Vcc MIN.  «  4.75  V  Vcc  MAX.  =  5.25  V 

Am2915AXM  (MIL)  TA  = -55°C  to +1 25°C       Vcc  M  IN.  =  4.50  V  Vcc  MAX.  =  5.50  V 

INPUT/OUTPUT 


BUS 

Parameters 


CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

Description  Test  Conditions  (Note  i)  Min.  Typ. 


Max. 


Units 


vol 


Bus  Output  LOW  Voltage 


Vcc  =  MIN. 


Iql  =  24mA 


Iql  "  48mA 


0.4 


VOH 


Bus  Output  HIGH  Voltage 


VCC  •  MIN. 


COM'L,  l0H  =  -20mA 


MIL,  Iqh  =  -15mA 


'O 


Bus  Leakage  Current 
(High  Impedance) 


Vcc  =  MAX. 
Bus  enable  =  2.4  V 


V0  "  0.4  V 


V0  -  2.4  V 


V0  =4.5V 


'OFF 


Bus  Leakage  Current 
(Power  OFF) 


V0  =4.5V 
VCC=0V 


100 


WA 


V|H 


Receiver  Input  HIGH  Threshold 


Bus  enable  =  2.4  V 


Receiver  Input  LOW  Threshold 


Bus  enable  =  2.4  V 


COM'L 


0.8 


MIL 


'SC 


Bus  Output  Short  Circuit  Current 


VCC  =  MAX. 
V0=OV 


-50 


-225 


mA 
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Am2915A 

ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2915AXC  (COM'LI       TA  =  0°C  to  +70°C  Vcc  Ml  N.  =  4.75  V      Vcc  MAX.  =  5.25  V 

Am2915AXM  (MIL)  TA  =  -55°  C  to  + 1 25°  C       Vcc  MIN.  -  4.50  V      Vcc  MAX.  =  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


Parameters  Description  Test  Conditions  [Note  p  Mm.       (Note  2)       Max.  Units 


VOH 

Receiver 

Output  HIGH  Voltage 

VCC  =  MIN. 

V|M  -  V|L  or  V|H 

MIL:  lOH  -  -1.0mA 

2.4 

3.4 

Volts 

COM'L:  l0H  "  -2.6mA 

2.4 

3.4 

VCc  =  S.OV,  IqH  -  -100 uA 

3.5 

Vol 

 .  

Output  LOW  Voltage 
(Except  Bus) 

VCC  =  MIN. 
V|N  =  V|LorV|H 

'OL  '  4.0mA 

0.27 

0.4 

Volts 

lOL  =  8.0mA 

0.32 

0.45 

Iql  "  12mA 

0.37 

0.5 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

V(L 

Input  LOW  Level 
(Except  Bus) 

Guaranteed  input  logical  LOW 
for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage  (Except  Bus) 

Vcc  =  MIN-.  < I N  "  -18mA 

-1.2 

Volts 

'IL 

Input  LOW  Current  (Except  Bus) 

VCC  "  MAX..  V|N=  0.4  V 

BE,  RLE 

-0.72 

mA 

AM  other  inputs 

-0.36 

l|H 

Input  HIGH  Current  (Except  Bus) 

VCC  =  MAX.,  V|N=  2.7  V 

20 

ma 

'I 

Input  HIGH  Current  (Except  Bus) 

Vcc  =  MAX.,  V|N  1  7.0V 

100 

ma 

isc 

Output  Short  Circuit  Current 
(Except  Bus) 

VCC  '  MAX. 

-30 

-130 

mA 

'cc 

Power  Supply  Current 

VCC  =  MAX. 

63 

95 

mA 

io 

Off -State  Output  Current 
(Receiver  Outputs) 

VCC  "  MAX. 

VQ  =  2.4V 

50 

V0  =  0.4V 

-50 

SWITCHING  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


Am2915AXM 

Am2915AXC 

Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  2) 

Max. 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

«PHL 

Driver  Clock  (DRCP)  to  Bus 

21 

36 

21 

32 

ns 

'PLH 

CL  (BUS)  =  50pF 

21 

36 

21 

32 

«ZH.«ZL 

Bus  Enable  (BE)  to  Bus 

RL(BUS)  =  1300 

13 

26 

13 

23 

ns 

«HZ.«LZ 

13 

21 

13 

18 

«s 

Data  Inputs  (A  or  B) 

15 

12 

ns 

«h 

8.0 

6.0 

«s 

Select  Input  (S) 

28 

25 

ns 

th 

8.0 

6.0 

«PW 

Driver  Clock  (DRCP)  Pulse  Width 
(HIGH) 

20 

17 

ns 

«PLH 

Bus  to  Receiver  Output 

18 

33 

18 

30 

ns 

•PHL 

(Latch  Enable) 

CL  ■ 15pF 

18 

30 

18 

27 

*PLH 

Latch  Enable  to  Receiver  Output 

RL  =  2.0kn 

21 

33 

21 

30 

ns 

tPHL 

21 

30 

21 

27 

«s 

Bus  to  Latch  Enable  (RLE) 

15 

13 

ns 

«h 

6.0 

4.0 

'ZH.'ZL 

Output  Control  to  Receiver  Output 

14 

26 

14 

23 

ns 

'HZ.  »LZ 

Cl  =  5pF,  RL  =  2.0kn 

14 

26 

14 

23 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
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INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


Am2915A 


DRIVEN  INPUT 


DRIVING  OUTPUT 


OUTPUT,  ODD 


Note:  Actual  current  flow  direction  shown. 


SWITCHING  TEST  CIRCUIT 
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Note:  Bus  to  Reciver  output  delay  is  measured  by  clocking  data  into  the  driver  register 
and  measuring  the  BUS  to  B  combinatorial  delay. 
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3.0V 
1.3V 

ov 


2.0V 
V0L 


3-316 


Am2915A 


FUNCTIONAL  TABLE 


INTERNAL 

INPUTS 

TO  DEVICE 

BUS 

OUTPUT 

FUNCTION 

s 

Aj 

Bi 

DRCP 

BE 

RLE 

OE 

Di 

Qi 

BUSj 

Ri 

X 

X 

X 

X 

H 

X 

X 

X 

X 

z 

X 

Driver  output  disable 

x 

x 

x 

X 

X 

x 

I-) 

X 

X 

x 

2 

nBL-ClVCI   UUipUI  UlSdUlc 

X 

X 

X 

X 

H 

L 

L 

X 

L 

L 

H 

X 

X 

X 

X 

H 

L 

L 

X 

H 

H 

L 

via  Bus  input 

v 

A 

v 

A 

v 

A 

X 

X 

U 

n 

A 

X 

NC 

X 

X 

Latch  received  data 

L 

L 

X 

t 

A 

X 

X 

1 

Y 
A 

X 

X 

L 

H 

x 

t 

X 

X 

X 

H 

X 

x 

x 

t 

Load  driver  register 

H 

X 

L 

X 

X 

X 

L 

X 

X 

X 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

L 

X 

X 

X 

NC 

X 

X 

X 

No  driver  clock  restrictions 

X 

X 

X 

H 

X 

X 

X 

NC 

X 

X 

X 

X 

X 

X 

X 

L 

X 

X 

L 

X 

H 

X 

Drive  Bus 

X 

X 

X 

X 

L 

X 

X 

H 

X 

L 

X 

H  = 

HIGH 

z 

HIGH 

i  Impedance 

X 

=   Don't  Care 

i  =   0,  1,  2.  3 

L  - 

LOW 

NC  - 

No  Change 

t 

-    LOW  to  HIGH  Transition 

DEFINITION  OF  FUNCTIONAL  TERMS 


Aq,  A-|,A2,  A3   The  "A"  word  data  input  into  the  two 
input  multiplexer  of  the  driver  register. 

Bq,  B-|,  B2,  B3     The  "B"  word  data  input  into  the  two 
input  multiplexers  of  the  driver  register. 

S  Select.  When  the  select  input  is  LOW,  the 

A  data  word  is  applied  to  the  driver  reg- 
ister. When  the  select  input  is  HIGH,  the 
B  word  is  applied  to  the  driver  register. 

DRCP  Driver  Clock  Pulse.  Clock  pulse  for  the 

driver  register. 

BE  Bus  Enable.  When  the  Bus  Enable  is  HIGH, 

the  four  drivers  are  in  the  high  impedance 
state. 


BUS0,  BUS-j 
BUS2,  BUS3 

Rq..  Ri.  R2.  R3 

RLE 


OE 


The  four  driver  outputs  and  receiver  in- 
puts (data  is  inverted). 

The  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  A  or  B 
inputs  is  non-inverted. 

Receiver  Latch  Enable.  When  RLE  is 
LOW,  data  on  the  BUS  inputs  is  passed 
through  the  receiver  latches.  When  RLE 
is  HIGH,  the  receiver  latches  are  closed 
and  will  retain  the  data  independent  of 
all  other  inputs. 

Output  Enable.  When  the  OE  input  is 
HIGH,  the  four  three  state  receiver  out- 
puts are  in  the  high-impedance  state. 
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APPLICATIONS 


ADDRESS 
AND 
DATA  DISPLAY 


A    CONTROL  8 
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OUT 
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B  CONTROL 
Am2915A 


B  CONTROL 
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BUS 


The  Am2915A  is  a  universal  Bus  Transceiver  useful  for  many  system  data,  address,  control  and 
timing  input/output  interfaces. 


I/O  DEVICES 
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Am2915A 
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Am2915A 


Am8T26 
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Sr 


Am2915A 


Arr>2915A 

7T 
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5 


JS2_ 


CONTROL 


Using  the  Am2915A  and  Am8T26  in  a  terminated  Bus  system  for  the  Am9080  MOS  Microprocessor. 
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Am2916A 

Quad  Three-State  Bus  Transceiver  With  Interface  Logic 


Distinctive  Characteristics 

•  Quad  high-speed  LSI  bus-transceiver 

•  Three-state  bus  driver 

•  Two-port  input  to  D-type  register  on  driver 

•  Bus  driver  output  can  sink  48mA  at  0.5V  max. 

•  Internal  odd  4-bit  parity  checker/generator 

•  Receiver  has  output  latch  for  pipeline  operation 


•  Receiver  outputs  sink  12mA 

•  Advanced  low-power  Schottky  processing 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 

•  3.5V  minimum  output  high  voltage  for  direct  inter- 
face to  MOS  microprocessors 


FUNCTIONAL  DESCRIPTION 

The  Am2916A  is  a  high-performance,  low-power  Schottky 
bus  transceiver  intended  for  bipolar  or  MOS  microprocessor 
system  applications.  The  device  consists  of  four  D-type  edge- 
triggered  flip-flops  with  a  built-in  two-input  multiplexer  on 
each.  The  flip-flop  outputs  are  connected  to  four  three-state 
bus  drivers.  Each  bus  driver  is  internally  connected  to  the 
input  of  a  receiver.  The  four  receiver  outputs  drive  four  D-type 
latches.  The  device  also  contains  a  tour-bit  odd  parity  checker/ 
generator. 

The  LSI  bus  transceiver  is  fabricated  using  advanced  low-power 
Schottky  processing.  All  inputs  (except  the  BUS  inputs) 
are  one  LS  unit  load.  The  three-state  bus  output  can  sink 
up  to  48mA  at  0.5V  maximum.  The  bus  enable  input  (BE)  is 
used  to  force  the  driver  outputs  to  the  high-impedance  state. 
When  BE  is  HIGH,  the  driver  is  disabled. 

The  input  register  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock  and  a  two-input  multiplexer  at  the 
input  of  each  flip-flop.  A  common  select  input  (S)  controls 
the  four  multiplexers.  When  S  is  LOW,  the  Aj  data  is  stored 
in  the  register  and  when  S  is  HIGH,  the  Bj  data  is  stored.  The 
buffered  common  clock  (DRCP)  enters  the  data  into  this 
driver  register  on  the  LOW-to-HIGH  transition. 

Data  from  the  A  or  B  input  is  inverted  at  the  BUS  output. 
Likewise,  data  at  the  BUS  input  is  inverted  at  the  receiver  out- 
put. Thus,  data  in  non-inverted  from  driver  input  to  receiver 
output.  The  four  receivers  each  feature  a  built-in  D-type  latch 
that  is  controlled  from  the  buffered  receiver  latch  enable 
(RLE)  input.  When  the  RLE  input  is  LOW,  the  latch  is  open 
and  the  receiver  outputs  will  follow  the  bus  inputs  (BUS  data 
inverted).  When  the  RLE  input  is  HIGH,  the  latch  will  close 
and  retain  the  present  data  regardless  of  the  bus  input. 

The  Am2916A  features  a  built-in  four-bit  odd  parity  checker/ 
generator.  The  bus  enable  input  (BE)  controls  whether  the 
parity  output  is  in  the  generate  or  check  mode.  When  the  bus 
enable  is  LOW  (driver  enabled),  odd  parity  is  generated  based 
on  the  A  or  B  field  data  input  to  the  driver  register.  When  BE 
is  HIGH,  the  parity  output  is  determined  by  the  four  latch 
outputs  of  the  receiver.  Thus,  if  the  driver  is  enabled,  parity  is 
generated  and  if  the  driver  is  in  the  high-impedance  state,  the 
BUS  parity  is  checked. 


LOGIC  SYMBOL 


a  3 
1  1 

8     9      16  15 

MM 

20  21 

|  | 

Ao  B0 

A,    B,     Aj  B2 

A3  B3 

13   

S 

ODD 

12 

"0 

3 

23   

DRCP 

Am2916A 

"l 

10 

11  — 0 

BE 

R2 

14 

1  — O 

RLE 

"3 

22 

BUS0 

BUS,  BUS2 

8US3 

T    T    T  T 

7  17 

Vcc  *  Pin  24 
GND-,  =  Pin  6 
GND2  -  Pin  18 


CONNECTION  DIAGRAM 
Top  View 
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□  BUS3 

18 

]  GND2 

17 

|  BUS2 

(6 
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15 
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Note:  Pin  1  is  marked  for  orientation. 


ORDERING  INFORMATION 

Package  Temperature  Order 

Type  Range  Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°  C  to  +125°C 
-55°C  to  +125°C 
-55°C  to  +125°C 


AM2916APC 
AM2916ADC 
AM2916AXC 
AM2916ADM 
AM2916AFM 
AM2916AXM 
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LOGIC  DIAGRAM 


bus0  bus,     bus2  bus3 


A2  O- 

B2  i 


SELECT  S 

I"*  no- 


A 


rU 


I  1  Qo  ^ 

D     Q      t—  £>Rq 


-o^  ORLl 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to  +150  C 


Temperature  (Ambient)  Under  Bias 


Supply  Voltage  to  Ground  Potential 


-55  C  to +125  C 
-0.5V  to  +7V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +7V 


DC  Output  Current,  Into  Outputs  (Except  Bus) 


30mA 


DC  Output  Current,  Into  Bus 


100mA 


DC  Input  Current 


-30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 


Am2916AXC  (COM'L) 
Am2916AXM  (MIL) 


■■  0  C  to  +  70  C 

■  — 55°C  to  +125°C 


=  4.75V 
!  4.50V 


VCCMAX.  =  5.25V 
VCCMAX.  =  5.50V 


BUS  INPUT/OUTPUT  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


Parameters 


Description 


Test  Conditions  (Note  D 


Min. 


Typ. 


Max. 


Units 


Vol 


Bus  Output  LOW  Voltage 


VCC  =  MIN. 


Iql  =  24mA 


Iql  =  48mA 


VOH 


Bus  Output  HIGH  Voltage 


VCC  =  MIN. 


COM'L,  Iqh  -  -20mA 


MIL,  l0H  =  -15mA 


2.4 


10 


Bus  Leakage  Current 
{High  Impedance) 


VCC  =  MAX. 
Bus  enable  =  2.4  V 


V0  =0.4V 


-200 


V0  =  2.4  V 


50 


V0  =4.5V 


100 


'OFF 


Bus  Leakage  Current 
(Power  OFF) 


V0  =4.5V 
VCC  -  0V 


MA 


V|H 


Receiver  Input  HIGH  Threshold 


Bus  enable  =  2.4  V 


2.0 


V|L 


Receiver  Input  LOW  Threshold 


Bus  enable  =  2.4  V 


COM'L 


■sc 


Bus  Output  Short  Circuit  Current 


VCC  =  MAX. 
Vo=0V 


-50 



-120 


-225 
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uo  v,nnn«i,  i  cnio  i  iv-o  u  v  cn  urcn«  i  inu  I  civircnH  I  unc  nnmoc  Typ 

Parameters  Description  Test  Conditions  (Note  i)  Min.       (Note  2)       Max.  Units 


V0H 

Receiver 

Output  HIGH  Voltage 

VCC  =  MIN. 

V|N  -  V|L  or  V|H 

MIL:  Iqh  =  -1.0mA 

2.4 

3.4 

Volts 

COM'L:  Iqh  =  -2.6mA 

2.4 

3.4 

VCC  =  5.0  V,  l0H  =  -100uA 

3.5 

V0H 

Parity 

Output  HIGH  Voltage 

VCC  =  MIN.,  |QH  =  -660^A 
V|N  "  V|H  or  V|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 
(Except  Bus) 

VCC  =  MIN. 

V|N  =  V|LorV|H 

'OL  '  4.0mA 

0.27 

0.4 

Volts 

lOL  =  8.0mA 

0.32 

0.45 

Iql  =  12mA 

0.37 

0.5 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 
(Except  Bus) 

Guaranteed  input  logical  LOW 
for  all  inputs 

MIL 

0.7 

Volts 

COM'L 

0.8 

V| 

Input  Clamp  Voltage  (Except  Bus) 

VCC  -  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

'IL 

Input  LOW  Current  (Except  Bus) 

VCC  "  MAX.,  V|N  =  0.4V 

BE,  RLE 

-0.72 

mA 

All  other  inputs 

-0.36 

hH 

Input  HIGH  Current  (Except  Bus) 

VCC  =  MAX.,  V|N  =  2.7  V 

20 

,uA 

l| 

Input  HIGH  Current  (Except  Bus) 

VCC  =  MAX.,  V|N  =  7.0V 

100 

>sc 

Output  Short  Circuit  Current 
(Except  Bus) 

VCc  -  MAX. 

RECEIVER 

-30 

-130 

mA 

PARITY 

-20 

-100 

ice 

Power  Supply  Current 

VCC  =  MAX.,  All  Inputs  =  GND 

75 

110 

mA 

SWITCHING  CHARACTERISTICS  OVER 
OPERATING  TEMPERATURE  RANGE 


Am2916AXM 

Am2916AXC 

Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

(Note  2) 

Max. 

Min. 

Typ. 

(Note  2) 

Max. 

Units 

«PHL 

Driver  Clock  (DRCP)  to  Bus 

C|_(BUS)  =  50pF 

21 

36 

21 

32 

ns 

«PLH 

RL(BUS)  =  130  £2 

21 

36 

21 

32 

«ZH.«ZL 

Bus  Enable  (BE)  to  Bus 

13 

26 

13 

23 

ns 

•HZ.tLZ 

13 

21 

13 

18 

«s 

Data  Inputs  (A  or  B) 

15 

12 

ns 

«h 

8.0 

6.0 

«s 

Select  Inputs  (S) 

28 

25 

ns 

th 

8.0 

6.0 

«PW 

Clock  Pulse  Width  (HIGH) 

20 

17 

ns 

•PLH 

Bus  to  Receiver  Output 

18 

33 

18 

30 

ns 

»PHL 

(Latch  Enabled) 

18 

30 

18 

27 

«PLH 

Latch  Enable  to  Receiver  Output 

21 

33 

21 

30 

ns 

«PHL 

21 

30 

21 

27 

«s 

Bus  to  Latch  Enable  (RLE) 

15 

13 

ns 

CL  =  15pF 

6.0 

4.0 

'PLH 

A  or  B  Data  to  Odd  Parity  Output 

R[_  =  2.0kfi 

32 

46 

32 

42 

ns 

«PHL 

(Driver  Enabled) 

26 

40 

26 

36 

tPLH 

Bus  to  Odd  Parity  Output 

21 

36 

21 

32 

ns 

*PHL 

(Driver  Inhibited,  Latch  Enabled) 

21 

36 

21 

32 

«PLH 

Latch  Enable  (RLE)  to 

21 

36 

21 

32 

ns 

tPHL 

Odd  Parity  Output 

21 

36 

21 

32 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  shoul  not  exceed  one  second. 
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DRIVEN  INPUT 


INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


Note:  Actual  current  flow  direction  shown. 


SWITCHING  TEST  CIRCUIT 


*CL=  15pF  (ortpLH.tpHL. 
tZL.'ZH 
C|_  =  5pF  for  tHZ.  *LZ 


SWITCHING  WAVEFORMS 


r 


— i  t- 


BMW 


RECEIVER 
OUTPUT 


\ 


J   V. 


:  Bus  to  Receiver  output  delay  is  measured  by  clocking  data  into  the  driver  register 
and  measuring  the  BUS  to  R  combinatorial  delay. 
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FUNCTION  TABLE 


INPUTS 

INTERNAL 
TO  DEVICE 

BUS 

OUTPUT 

ci  IMTTION 

S 

Ai 

Bi 

DRCP 

BE 

RLE 

OE 

Di 

Qi 

BUS; 

Sj 

X 

X 

X 

X 

H 

X 

X 

X 

X 

2 

x 

nr!i/pr  r-ii  itm  it  Hicahlp 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver  output  disable 

X 

X 

X 

X 

H 

L 

L 

X 

L 

■ 

L 

u 

n 

Driver  output  disable  and  receive  data 

X 

X 

X 

X 

H 

L 

L 

X 

H 

ii 

n 

L 

via  Bus  input 

X 

X 

X 

X 

X 

H 

X 

X 

NC 

L 

L 

X 

t 

X 

X 

X 

L 

X 

x 

x 

L 
H 

H 

X 

X 
L 

t 
t 

X 
X 

X 

X 

X 
X 

H 
L 

X 
X 

X 
X 

X 
X 

Load  driver  register 

H 

X 

H 

t 

X 

X 

X 

H 

X 

X 

X 

X 
X 

X 
X 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 

NC 
NC 

X 
X 

X 
X 

X 
X 

No  driver  clock  restrictions 

X 
X 

X 
X 

X 
X 

X 
X 

L 
L 

X 
X 

X 
X 

L 
H 

X 
X 

H 
L 

X 
X 

Drive  Bus 

H  =  HIGH  Z     -  HIGH  Impedance  X  -  Don't  care  1-  0.  1.  2.  3 

L  =  LOW  NC=  No  change  t  =  LOW-to-HIGH  transition 


DEFINITION  OF  FUNCTIONAL  TERMS 


Aq,  A1.A2.A3    The  "A"  word  data  input  into  the  two 
input  multiplexer  of  the  driver  register. 


Bq,  B-|,  B2,  B3 


DRCP 
BE 


The  "B"  word  data  input  into  the  two 
input  multiplexers  of  the  driver  register. 

Select.  When  the  select  input  is  LOW,  the 
A  data  word  is  applied  to  the  driver  reg- 
ister. When  the  select  input  is  HIGH,  the 
B  word  is  applied  to  the  driver  register. 

Driver  Clock  Pulse.  Clock  pulse  for  the 
driver  register. 

Bus  Enable.  When  the  Bus  Enable  is  HIGH, 
the  four  drivers  are  in  the  high  impedance 
state. 


BUS0,  bus, 
bOs2,  BUS3 

Ro.  Rl.  R2.  R3 
RLE 


OE 


The  four  driver  outputs  and  receiver  in- 
puts (data  is  inverted). 

The  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  A  or  B 
inputs  is  non-inverted. 

Receiver  Latch  Enable.  When  RLE  is 
LOW,  data  on  the  BUS  inputs  is  passed 
through  the  receiver  latches.  When  RLE 
is  HIGH,  the  receiver  latches  are  closed 
and  will  retain  the  data  independent  of 
all  other  inputs. 

Output  Enable.  When  the  OE  input  is 
HIGH,  the  four  three  state  receiver  out- 
puts are  in  the  high-impedance  state. 


Metallization  and  Pad  Layout 

vcc 


BUSq  5 


GND,  6 


BUS] 
A, 


B,  9 
Rj  10 


mm 

Mgffi 


T 

_ — _ — .  ._.  12  1  

ODD 

DIE  SIZE  .074"  X  .130" 


22  R3 

21  B3 

20  A3 

19  BUS3 

18  GND2 

17  BUS2 

16  A2 

IB  B2 

14  R2 
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APPLICATIONS 


SELECT  - 
CLOCK  - 


BUS 
ENABLE 
LATCH 
ENABLE 


uu  uil  i 


R  ODD  BUS 


TT 


i  i 
i  i 


Mil 


A 

B 

S 

DHCP 

Am2916A 

BE 

RLE 

R 

ODD  BUS 

TT 


TT 


P1    P2   P3   p4    p5  P6  P7   P8  P9 


Am82S62 
EVEN 


-0|  BE 

RLE 


fl  ODD  BUS 


3 


II  I  INI 


ODD/EVEN 
" CONTROL 
L  =  EVEN 
H  ■  ODD 


Generating  or  checking  parity  for  16  data  bits. 


_sz_ 


T 


n 


Am2916A 

"TV 


1Z 


Am2916A 

~7V 


7> 


OTTD 


\7 


A- 
V 


Am2916A  Am2916A  Am8T26 

TV  /V  A 


.12- 


Using  the  Am2916A  and  Am8T26  in  a  terminated  Bus  system  for  the  Am9080  MOS  Microprocessor. 
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Distinctive  Characteristics 

•  Quad  high-speed  LSI  bus-transceiver 

•  Three-state  bus  driver 

•  D-type  register  on  driver 

•  Bus  driver  output  can  sink  48mA  at  0.5V  max. 

•  Internal  odd  4-bit  parity  checker/generator 

•  Receiver  has  output  latch  for  pipeline  operation 


•  Three-state  receiver  outputs  sink  12mA 

•  Advanced  low-power  Schottky  processing 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 

•  3.5V  minimum  output  high  voltage  for  direct  inter- 
face to  MOS  microprocessors 


UNCTIONAL  DESCRIPTION 

The  Am2917A  is  a  high-performance,  low-power  Schottky  bus 
transceiver  intended  for  bipolar  or  MOS  microprocessor  system 
applications.  The  device  consists  of  four  D-type  edge-triggered 
flip-flops.  The  flip-flop  outputs  are  connected  to  four  three- 
state  bus  drivers.  Each  bus  driver  is  internally  connected  to  the 
input  of  a  receiver.  The  four  receiver  outputs  drive  four  D-type 
latches,  that  feature  three-state  outputs.  The  device  also  con- 
tains a  four-bit  odd  parity  checker/generator. 

The  LSI  bus  transceiver  is  fabricated  using  advanced  low- 
power  Schottky  processing.  All  inputs  (except  the  BUS  inputs) 
are  one  LS  unit  load.  The  three-state  bus  output  can  sink  up  to 
48mA  at  0.5V  maximum.  The  bus  enable  input  (BE)  is  used  to 
force  the  driver  outputs  to  the  high-impedance  state.  When  BE 
is  HIGH,  the  driver  is  disabled. 

The  input  register  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock.  The  buffered  common  clock  (DRCP) 
enters  the  A,  data  into  this  driver  register  on  the  LOW-to- 
HIGH  transition. 

Data  from  the  A  input  is  inverted  at  the  BUS  output.  Like- 
wise, data  at  the  BUS  input  is  inverted  at  the  receiver  output. 
Thus,  data  is  non-inverted  from  driver  input  to  receiver  output. 
The  four  receivers  each  feature  a  built-in  D-type  latch  that  is 
controlled  from  the  buffered  receiver  latch  enable  (RLE) 
input.  When  the  RLE  input  is  LOW,  the  latch  is  open  and  the 
receiver  outputs  will  follow  the  bus  inputs  (BUS  data  inverted 
and  OE  LOW).  When  the  RLE  input  is  HIGH,  the  latch  will 
close  and  retain  the  present  data  regardless  of  the  bus  input. 
The  four  latches  have  three-state  outputs  and  are  controlled 
by  a  buffered  common  three-state  control  (OE)  input.  When 
OE  is  HIGH,  the  receiver  outputs  are  in  the  high-impedance 
state. 

The  Am2917A  features  a  built-in  four-bit  odd  parity  checker/ 
generator.  The  bus  enable  input  (BE)  controls  whether  the 
parity  output  is  in  the  generate  or  check  mode.  When  the  bus 
enable  is  LOW  (driver  enabled),  odd  parity  is  generated  based 
on  the  A  field  data  input  to  the  driver  register.  When  F3E  is 
HIGH,  the  parity  output  is  determined  by  the  four  latch  out- 
puts of  the  receiver.  Thus,  if  the  driver  is  enabled,  parity  is 
generated  and  if  the  driver  is  in  the  high-impedance  state,  the 
BUS  parity  is  checked. 


LOGIC  SYMBOL 


7         13  17 


AO       A|       A2  A3 
DRCP  ODD 
R0 


RLE 


Am2917A 


8USo    BUSi    BUS?  8US3 


TTTT 


vcc  =  Pin  20 
GND,  -  Pin  5 
GND2  -  Pin  15 


CONNECTION  DIAGRAM 
Top  View 


RLlC  1  * 

ROLT  2 

AoC  3 

SUSo[^  4 

GNDi[^  5 

BUSiQ  6 

AlQ  7 

R]Q  a 
oddQ  10 


20  ^]  vcc 

19  ^]DRCP 
18  ^R3 
17  ^A3 
16  □BUS3 
15  ^|  GND2 
14  ^]BUS2 
13  ^A2 
12  JR2 
11  ^|OE 


Note:  Pin  1  is  marked  for  orientation. 


Package 
Type 


ORDERING  INFORMATION 

Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°C  to  +125°C 
-55°  C  to  +125°C 
-55°Cto+125°C 


AM2917APC 
AM2917ADC 
AM2917AXC 
AM2917ADM 
AM2917AFM 
AM2917AXM 
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LOGIC  DIAGRAM 


A,  O-^- 
A2C-> 
A3  O-^- 


DRCP 


A 


BUS0    BUS,  BUS2  BUS3 

L  J_J 


 ^         D      Q  -J-^O— OB 


— o 


„ra  OUTPUT 
CONTROL 


_  RECEIVER 
— O  RLE  LATCH 
ENABLE 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential 


-0.5  V  to  +7  V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5  V  to  +Vcc  max. 


DC  Input  Voltage 


-0.5  V  to  +7  V 


DC  Output  Current,  Into  Outputs  (Except  BUS) 


30  mA 


DC  Output  Current,  Into  Bus 


100  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 


ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2917AXC  (COM'L)       TA  -  0°C  to  +70°C  Vcc Ml N.  -  4.7S  V      Vcc MAX.  -  5.25  V 

Am2917AXM  (MILI  T A  = -55°C  to +1 25°C       Vcc Ml N.  -  4.50  V      Vcc MAX  -  5.50  V 

CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


BUS  INPUT/OUTPUT 
Parameters  Description 


Test  Conditions  (Note  i) 


Min. 


Typ. 


Max. 


Units 


vol 

Bus  Output  LOW  Voltage 

VCC  =  MIN. 

Iql  "  24mA 

0.4 

Volts 

IQL  ■  48mA 

0.5 

voh 

Bus  Output  HIGH  Voltage 

VCC  =  MIN. 

COM'L,  l0H  "  -20mA 

2.4 

Volts 

MIL,  l0H  ■  -15mA 

Bus  Leakage  Current 
(High  Impedance) 

Vcc  "  MAX. 
Bus  enable  =  2.4  V 

V0  =0.4V 

-200 

'0 

V0  =  2.4V 

50 

fA 

V0  =4.5V 

100 

'off 

Bus  Leakage  Current 
(Power  OFF) 

V0  =4.5V 

vCc  -  ov 

100 

fA 

V|H 

Receiver  Input  HIGH  Threshold 

Bus  enable  -  2.4  V 

2.0 

Volts 

V|L 

Receiver  Input  LOW  Threshold 

Bus  enable  =  2.4  V 

COM'L 

0.8 

Volts 

MIL 

0.7 

•sc 

Bus  Output  Short  Circuit  Current 

VCC  -  MAX. 
V0  =  OV 

-50 

-120 

-225 

mA 
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ELECTRICAL  CHARACTERISTICS 

The  following  conditions  apply  unless  otherwise  noted: 

Am2917AXC  (COM'L)       TA  =  0°C  to +70°C  VCCMIN.  =  4.75  V  Vcc  MAX.  =  5.25  V 

Am2917AXM  (MIL)  T  A  =  -55°C  to  +1 25°C       Vcc  Ml  N.  -  4. 50  V  Vcc  MAX.  =  5.50  V 


DC  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  Typ 

Parameters  Description  Test  Conditions  (Note  i)  Min.       (Note  2)        Max.  Units 


Receiver 

Output  HIGH  Voltage 

VCC  =  MIN. 

MIL:  Iqh  "  -10mA 

2  4 

3.4 

VOH 

V|N  =  V|Lor  V|H 

COM'L:  l0H  =  -2.6mA 

2.4 

3.4 

Volts 

Vcc  "  5.0V,  IQH  =  -100 /jA 

3.5 

V0H 

Parity 

VCC  =  MIN.,  I0H  -  -660 MA 

MIL 

2.5 

3.4 

Volts 

Output  HIGH  Voltage 

VIN  "  VIH  or  V|L 

COM'L 

2.7 

3.4 

Output  LOW  Voltage 
(Except  Bus) 

Vcc  *  MIN. 
V|N-V|LorV|H 

IqL  =  4.0mA 

0.27 

0.4 

vol 

Iql  "  8.0mA 

0.32 

0.45 

Volts 

Iql  =  12mA 

0.37 

0.5 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 

MIL 

Volts 

(Except  Bus) 

for  all  inputs 

COM'L 

0.8 

V| 

Input  Clamp  Voltage  (Except  Bus) 

VCC  =  MIN-  'IN  *  -18mA 

-1.2 

Volts 

l|L 

Input  LOW  Current  (Except  Bus) 

Vcc  •  MAX.,  V|N  -  0.4  V 

BE,  RLE 

-0.72 

mA 

All  other  inputs 

-0.36 

•|H 

Input  HIGH  Current  (Except  Bus) 

VCC  -  MAX.,  V|N  =  2.7  V 

20 

'1 

Input  HIGH  Current  (Except  Bus) 

VCC  =  MAX.,  V,N  -  7.0V 

100 

MA 

•sc 

Output  Short  Circuit  Current 

Vcc  *  MAX. 

RECEIVER 

-30 

-130 

mA 

(Except  Bus) 

PARITY 

-20 

-100 

Power  Supply  Current 

Vcc  s  MAX. 

63 

95 

mA 

'0 

Off-State  Output  Current 

Vcc  "  MAX. 

V0  -  2.4V 

50 

«A 

(Receiver  Outputs) 

V0  =  0.4V 

-50 

SWITCHING  CHARACTERISTICS  OVER 
OPERATING  TEMPERATURE  RANGE 


Parameters 

Description 

Test  Conditions 

Am2917AXM 
Typ. 

Min.     (Note  2)  Max. 

Am2917AXC 
Typ. 

Min.     (Note  2)  Max. 

Units 

«PHL 

Driver  Clock  (DRCP)  to  Bus 

CL(BUS)  -  50pF 

21 

36 

21 

32 

ns 

tPLH 

RLBUSI  =  130O 

21 

36 

21 

32 

«ZH.  <ZL 

Bus  Enable  (BE)  to  Bus 

13 

26 

13 

23 

ns 

•hz.'lz 

13 

21 

13 

18 

•s 

A  Data  Inputs 

15 

12 

ns 

«h 

8.0 

6.0 

tPW 

Clock  Pulse  Width  (HIGH) 

20 

17 

ns 

»PLH 

Bus  to  Receiver  Output 

18 

33 

18 

30 

ns 

'PHL 

(Latch  Enabled) 

18 

30 

18 

27 

«PLH 

Latch  Enable  to  Receiver  Output 

21 

33 

21 

30 

ns 

»PHL 

21 

30 

21 

27 

«s 

Bus  to  Latch  Enable  (RLE) 

CL  -  15pF 
RL  •  2.0kfi 

15 

13 

ns 

th 

6.0 

4.0 

«PLH 

A  Data  to  Odd  Parity  Out 

32 

46 

32 

42 

ns 

«PHL 

(Driver  Enabled) 

26 

40 

26 

36 

•PLH 

Bus  to  Odd  Parity  Out 

21 

36 

21 

32 

ns 

«PHL 

(Driver  Inhibit) 

21 

36 

21 

32 

«PLH 

Latch  Enable  (RLE)  to  Odd 

21 

36 

21 

32 

ns 

«PHL 

Parity  Output 

21 

36 

21 

32 

«ZH.«ZL 

Output  Control  to  Output 

14 

26 

14 

23 

ns 

'HZ.  »LZ 

CL'5pF,  RL  =  2.0kSJ 

14 

26 

14 

23 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  =  5.0  V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
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INPUT/OUTPUT  CURRENT 
INTERFACE  CONDITIONS 


Am2917A 


DRIVEN  INPUT 


DRIVING  OUTPUT 


INPUT  O 


OUTPUT.  ODD 


Note:  Actual  current  flow  direction  shown. 


SWITCHING  TEST  CIRCUIT 


INPUT  A 

OR  ( 
INPUT B 


TEST  q_ 
POINT 


BUS 


TEST 
POINT 
O 


S3 


l.Okfi 
-W\- 


*H-W-W-W-t^ 


5.0kfi 


*CL=  15pF  fortpLH.tpHL- 
'ZL.  tZH 
CL  =  5pF  for  tHZ.  <LZ 


RECEIVER 
OUTPUT 


SWITCHING  WAVEFORMS 


£      \  £ 


r 


•PHL- 


\ 


V0H 


v0L 


Note:  Bus  to  Receiver  output  delay  is  measured  by  clocking  data  into  the  driver  register 
and  measuring  the  BUS  to  R  combinatorial  delay. 
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FUNCTION  TABLE 


INPUTS 

INTERNAL 
TO  DEVICE 

BUS 

OUTPUT 

FUNCTION 

Aj 

DRCP 

BE 

RLE 

OE 

Di 

Qi 

BUSj 

Ri 

X 

X 

H 

X 

X 

X 

X 

z 

X 

Driver  output  disable 

X 

X 

X 

X 

H 

X 

X 

X 

z 

Receiver  output  disable 

X 

X 

H 

L 

L 

X 

L 

L 

H 

Driver  output  disable  and  receive  data 

H 

L 

L 

X 

H 

H 

L 

via  Bus  input 

X 

X 

X 

H 

X 

X 

NC 

X 

X 

Latch  received  data 

L 
H 

t 

t 

X 
X 

X 
X 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 



Load  driver  register 

X 
X 

L 
H 

X 
X 

X 
X 

X 
X 

NC 
NC 

X 
X 

X 
X 

X 
X 

No  driver  clock  restrictions 

X 
X 

X 
X 

L 
L 

X 
X 

X 
X 

L 
H 

X 
X 

H 
L 

X 
X 

Drive  Bus 

H  =  HIGH       Z  =  High  Impedance      X  -  Don't  Care  i  =  0,  1,2.  3 

L  -  LOW        NC  =  No  Change  t  =  LOW-to-HIGH  Transition 


PARITY  OUTPUT  FUNCTION  TABLE 


BE 

ODD  PARITY  OUTPUT 

L 
H 

ODD  =  Ao  ®  Ai  «  A2  ®  A3 
ODD  =  Qq  ®  Q1  S  Q2  ffl  Q3 

Metallization  and  Pad  Layout 


18  R3 


17  A3_ 
16  8US3 


14  8US2 
13  A2 


DEFINITION  OF  FUNCTIONAL  TERMS 

DRCP    Driver  Clock  Pulse.  Clock  pulse  for  the  driver  register. 

BE  Bus  Enable.  When  the  Bus  Enable  is  LOW,  the  four 
drivers  are  in  the  high  impedance  state. 

BUSrj,  BUS-),  BUS2,  BUS3  The  four  driver  outputs  and 
receiver  inputs  (data  is  inverted). 

RO-  R1.  R2.  R3  Tne  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  A  or  B  inputs  is  non- 
inverted. 

RLE  Receiver  Latch  Enable.  When  RLE  is  LOW,  data  on  the 
BUS  inputs  is  passed  through  the  receiver  latches.  When  RLE 
is  HIGH,  the  receiver  latches  are  closed  and  will  retain  the 
data  independent  of  all  other  inputs. 

ODD  Odd  parity  output.  Generates  parity  with  the  driver 
enabled,  checks  parity  with  the  driver  in  the  high-impedance 
state. 

OE  Output  Enable.  When  the  OE  input  is  HIGH,  the  four 
three-state  receiver  outputs  are  in  the  high-impedance  state. 


DIE  SIZE  .074"  X  .130" 
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APPLICATIONS 





Am2917A 

DATA  BUS 
REGISTER 


BUS  Am2917A 


Am2917A 
ADDRESS  REGISTER 


MAIN 
MEMORY 


Am2909 
MICROPROGRAM 
SEQUENCER 


ROM/PROM 
MICROCODE 


Am2918 
MICROWORD 
REGISTER 


Am2918 
STATUS  REGISTER 


Am2901 
BIPOLAR 
MICROPROCESSOR 


The  Am2917A  can  be  used  as  an  I/O  Bus  Transceiver  and  Main  Memory  I/O  Transceiver 
in  high-speed  Microprocessor  Systems. 


_SZ_ 


1LJL  JlL  tl 


Am2917A 

~7Y~ 


Am2917A 


1Z 


Am8T26 


1Z 


v- 


Am2917A  Am2917A  Am8T26 


7> 


1Z 


iz 


iz 


Z\Z_ 


Using  the  Am2917A  and  Am8T26  in  a  terminated  Bus  system  for  the  Am9080  MOS  Microprocessor. 
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HIGH  SPEED  SCHOTTKY  S-MSI  AND  INTERFACE  DATA  SHEETS 


Definition  of  Standard  Schottky  Terms   4-2 

Am25S05  4-3 

Am25S07/08   4-9 

Am25S09  4-29 

Am25S10  4-33 

Am25S18  4-47 

Am26S02  4-51 

Am26S10/S11   4-55 

Am26S12/S12A  4-60 

Am54S/74S138   4-65 

Am54S/74S139/93S21   4-69 

Am54S/74S151/S251   4-73 

Am54S/74S153/S253   4-77 

Am54S/74S157'S158/93S22  4-81 

Am54S/74S160/Si61   4-85 

Am54S/74S174/S175  4-89 

Am54S/74S181   4-93 

Am54S/74S194/S195  4-99 

Am54S/74S240/S241/S242/S243/S244  ....  4-103 
Am54S/74S257/S258   4-108 


Am54S/74S350    4-112 

Am54S/74S373/S533   4-114 

Am54S/74S374/S534   4-115 

Am54S/74S378/S379   4-118 

Am54S/74S388   4-116 

Am54S/74S399   4-120 

Am54S/74S412  4-122 

Am3212/8212   4-123 

Am8T26  4-130 

Am8T26A/8T28   4-135 

Am82S62   4-140 

Am8304   4-144 

Am93S10/S16  4-148 

Am93S48   4-152 

APPLICATION  NOTES 

Schottky  TTL  MSI  Registers  4-13 

Am25S10  Four-Bit  Shifter   4-37 
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Definition  of  Standard  Schottky  Terms 


DEFINITION  OF  A.C.  (SWITCHING)  TERMS 

(All  switch  ng  times  are  measured  at  the  1.5V  logic  level  unless 
otherwise  noted.) 

f  MAX  Tne  n'9nest  operating  clock  frequency. 

tpLH  The  propagation  delay  time  from  an  input  change  to  an  out- 
put LOW-to-HIGH  transition. 

tpf-jL  Tne  propagation  delay  time  from  an  input  change  to  an 
output  HIGH-to-LOW  transition. 

tpyy  Pulse  width.  The  time  between  the  leading  and  trailing 
edges  of  a  pulse. 

tr       Rise  time.  The  time  required  for  a  signal  to  change  from  10% 

to  90%  of  its  measured  values. 
tf        Fall  t  ime.  The  time  required  for  a  signal  to  change  from  90% 

to  10%  of  its  measured  values. 
ts       Set-up  time.  The  time  interval  for  which  a  signal  must  be 

applied  and  maintained  at  one  input  terminal  before  an 

active  transition  occurs  at  another  input  terminal. 
tn       Hold  time.  The  time  interval  for  which  a  signal  must  be 

retained  at  one  input  after  an  active  transition  occurs  at 

another  input  terminal. 
tR      Release  time.  The  time  interval  for  which  a  signal  may 

be  indeterminant  at  one  input  terminal  before  an  active 

transition  occurs  at  another  input  terminal.  (The  release  time 

falls  within  the  set-up  time  interval  and  is  specified  by  some 

manufacturers  as  a  negative  hold  time). 
tHZ    HIGH  to  disable.  The  delay  time  from  a  control  input  change 

to  the  three-state  output   HIGH-level  to  high-impedance 

transition  (measured  at  0.5  V  change). 
t|_2     LOW  to  disable.  The  delay  time  from  a  control  input  change 

to  the  three-state  output  LOW-level  to  high-impedance  transi- 
tion (measured  at  0.5V  change). 
*ZH    Enable  HIGH.  The  delay  time  from  a  control  input  change 

to  the  three-state  output  high-impedance  to  HIGH-level 

transition. 

tzL  Enable  LOW.  The  delay  time  from  a  control  input  change 
to  the  three-state  output  high-impedance  to  LOW-level 
transition. 


DEFINITION  OF  D.C  TERMS 


H  HIGH,  applying  to  a  HIGH  voltage  level. 
L  LOW,  applying  to  a  LOW  voltage  level. 
I  Input. 
O  Output. : 

Negative  Current  Current  flowing  out  of  the  device. 
Positive  Current  Current  flowing  into  the  device. 
1 1|_    LOW-level    input  current  with  a  specified  LOW-level 
voltage  app  ied. 

I|H  HIGH-level  input  current  with  a  specified  HIGH-level 
voltage  app  ied. 

Iql    LOW-level  output  current. 

IrjH    HIGH-level  output  current. 

Isc     Output  short-circuit  source  current. 

'cc  The  supply  current  drawn  by  the  device  from  the  Vcc 
power  supply. 

V|L     Logic  LOW  input  voltage. 

V|H     Logic  HIGH  input  voltage. 

V0L    LOW-level  output  voltage  with  lQL  applied. 

V0H   HIGH-level  output  voltage  with  lQH  applied. 


SCHOTTKY  PARAMETER  MEASUREMENTS 

FOR  THREE-STATE  OUTPUTS 


LOAD  TEST  CIRCUIT 


CL  INCLUDES 
PROBE  AND  JIG 
CAPACITANCE 


SET-UP,  HOLD,  AND  RELEASE  TIMES 


Notes:  1.  Diagram  shown  for  HIGH  data  only.  Output  transition  may 
be  opposite  sense. 
2.  Cross  hatched  area  is  don't  care  condition. 


PROPAGATION  DELAY 


PULSE  WIDTH 


ENABLE  AND  DISABLE  TIMES 
Enable  Disable 


CONTROL  _ 
INPUT 


OUTPUT 
NORMALLY  LOW  OPEN 


-£ 


^4,6V 


l—Jj  -1.SV 
-E   v0L 


UTPUT  /,.5V  ' 

r  HIGH  Si  open/ 

—  '  a\ 


Notes:  1.  Diagram  shown  for   Input  Control   Enable-LOW  and  Input 
Control  Disable-HIGH. 
2.        and  S2  of  Load  Circuit  are  closed  except  where  shown. 


Note:  1.  Pulse  Generator  for  All  Pulses:  Rate  <  1.0MHz;  ZQ  =  50ft; 
tr  <  2.5  ns;  tf  <  2.5  ns. 
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Distinctive  Characteristics 

•  Provides  2's  complement  multiplication  at  high  speed 
without  correction. 

•  Can  be  used  in  a  combinatorial  array  or  in  a  time 
sequenced  mode. 

•  Multiplies  two  12-bit  signed  numbers  in  typically 
115ns. 


•  Multiplies  in  active  HIGH  (positive  logic)  or  active 
LOW  (negative  logic)  representations. 

•  Reduced  input  loading  as  compared  to  Am2505. 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am25S05  is  a  high-speed  digital  multiplier  that  can  multiply  numbers  represented 
in  the  2's  complement  notation  and  produce  a  2's  complement  product  without 
correction.  The  device  consists  of  a  4x2  multiplier  that  can  be  connected  to  form 
iterative  arrays  able  to  multiply  numbers  either  directly,  or  in  a  time  sequenced 
arrangement.  The  device  assumes  that  the  most  significant  digit  in  a  word  carries  a 
negative  weight,  and  can  therefore  be  used  in  arrays  where  the  multiplicand  and 
multiplier  have  different  word  lengths.  The  multiplier  uses  the  quaternary  algorithm 
and  performs  the  function  S  =  X  Y  +  K  where  K  is  the  input  field  used  to  add  partial 
products  generated  in  the  array.  At  the  beginning  of  the  array  the  K  inputs  are  avail- 
able to  add  a  signed  constant  to  the  least  significant  part  of  the  product.  Multiplication 
of  an  m  bit  number  by  an  n  bit  number  in  an  array  results  in  a  product  having  m+n 
bits  so  that  all  possible  combinations  of  product  are  accounted  for.  If  a  conventional 
2's  complement  product  is  required  the  most  significant  bit  can  be  ignored,  and 
overflow  conditions  can  be  detected  by  comparing  the  last  two  product  digits. 
A  number  of  connection  schemes  are  possible.  Figure  1  shows  the  connection  scheme 
that  results  in  the  fastest  multiply.  If  higher  speed  is  required  an  array  can  be  Split 
into  several  parts,  and  the  parts  added  with  high-speed  look-ahead  carry  adders. 
Provision  is  made  in  the  design  for  multiplication  in  the  active  high  (positive  logic) 
or  active  low  (negative  logic)  representations  simply  by  reinterpreting  the  active  level 
of  the  input  operands,  the  product,  and  a  polarity  control  P. 


LOGIC  SYMBOLS 


ACTIVE  LOW 
5    4     3     1      19  IB  1 


ACTIVE  HIGH 
6    5    4     3     1      19  IB  1 


Am25S05 
4x2 
2's  COMPLEMENT 

MULTIPLIER  c"*4 


TTTTTT 

8     9     10    ii    n  15 


Am25S05 
4x2 
2's  COMPLEMENT 
MULTIPLIER 


TT 


8       9      10     11      14  15 


VCC  =  Pin  24 
GND  =  Pin  12 


LOGIC  DIAGRAM 


Am25S05  ORDERING  INFORMATION 


Package 
Type 

Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


Temperature 
Range 

O'C  to  +75°  C 
0°C  to  +75°C 
0°Cto  +75°  C 
-55°Cto+125°C 
-55°Cto  +125°C 
-55°  C  to  +125°C 


Order 
Number 

AM25S05PC 
AM25S05DC 
AM25S05XC 
AM25S05DM 
AM25S05FM 
AM25S05XM 


CONNECTION  DIAGRAM 
Top  View 


"CCV-1  »0  "l     '    k0    kl   k?   "3  %  S4  C„.4 

nnnnnnnnnnnn 


24    23  22  21    20  19    18  17    16   15    14  13 


r1      2     3    4     5     6      7     8     9    10    11  12 


nnnnnnnnnnnn 

*A  cn  "3  "2  "1  *0  «-1  Sq  S,  S3  S3  GND 


Note:    Pin  1  is  marked  for  orientation. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (/ 

Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltags 

to  Ground  Potential  (Pin  24  to  Pin  12)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +Vcc  max. 

DC  Input  Volt. 

ige 

-0.5V  to  +5.5V 

Output  Curren 

t,  Into  Outputs 

30  mA 

DC  Input  Current  -30  mA  to  +5  mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am25S05XC,  DC,  PC 
Am25S05XM,  D 
Am25S05FM 


Parameters 


T/v  -  0°C  to  +75°  C 
TA  =  -55°Cto+125°C 
TC  =  -55°C'to+125°C 

Description 


Vcc  "  4.75  V  to  5.25  V 
VCC=  4.50  V  to  5.50  V 
Vcc  =  4.50  V  to  5.50  V 

Test  Conditions 


Min.      Typ.  (Note  i)  Max. 


Units 


VOH 


Output  HIGH  Voltage 


VCC  =  MIN.,  lOH  =  -1.0mA 
V|N  "  V|H  or  V|L 


XM 

xc" 


2.5 


2.7 


3.3 


3.3 


Volts 


vol 


Output  LOW  Voltage 


VCC  -  MIN.,  I0L  -  20mA 
V|N=V|Hor  V|L 


0.3 


0.5 


Volts 


V|H 


Input  HIGH  Level 


Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 


2.0 


Volts 


VlL 


Input  LOW  Level 


Guaranteed  input  logical  LOW 
voltage  for  all  inputs 


0.8 


Volts 


l||_(Note  2) 


Unit  Load 

Input  LOW  Current 


VCC  =  MAX.,  V|N  -  0.5V 


-2.0 


mA 


l|H(Note  2) 


Unit  Load 

Input  HIGH  Current 


VCc  "  MAX.,  V|N  -  2.7V 


Input  HIGH  Current 


VCc  "  MAX.,  Vim  =  5.5V 


50 


1.0 


MA 


'SC 


Output  Short  Circuit  Current 


VCC  =  MAX.,  V0UT  "  0-0V 


-40 


-100 


mA 


"CC 


Power  Supply  Current 


VCC  =  MAX.,  Yi  =.0V 


120 


175 


mA 


Note  1.  Typ 


cal  Limits  ere  at  Vcc  ~  5-0v.  25°C  Ambient  and  maximum  loading. 


Note  2.     Actual  input  currents  are  obtained  by  multiplying  unit  load  current  by  the  input  load  factor.  (See  loading  rules) 


Switching  Characteristics  (Vcc  "  5V,  Ta  =  25°C,  CL  =  15pF,  Rl  =  280n  ) 


Parameters 

From  (Input) 

To  (Output) 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

*PLH 
*PHL 

Cn 

Cn+4 

4 
4 

8 
9 

12 
14 

ns 

-J  X 
a  a. 

Cn 

S0,1,2,3 

6 
5 

12 
10 

18 
15 

ns 

*PLH 
<PHL 

cn 

s4,5 

7 
6 

15 
13 

22 
20 

ns 

<PLH 
*PHL 

Any  k 

Cn+4 

3 
5 

6.5 
10 

12 
15 

ns 

<PLH 
*PHL 

Any  k 

S0, 1,2,3 

6 
4 

13.5 
9.5 

20 
14 

ns 

♦PLH 
^PHL 

Any  k 

S4,5 

See  Test  Table 

3 
3 

15.5 
12.5 

23 
19 

ns 

tPLH 
*PHL 

Any  x 

Cn+4 

8 
9 

17 
18 

26 

27 

ns 

'PLH 
'PHL 

Any  x 

S0, 1,2,3 

10 
10 

21 
21 

32 
32 

ns 

lPLH 
*PHL 

Any  x 

S4.5 

6 

b 

23.5 
21.5 

35 
32 

ns 

«PLH 
*PHL 

Any  y 

cn+4 

11 

10 

23 
20 

34 

30 

ns 

*PLH 
*PHL 

Any  y 

s0, 1,2,3 

11 
11 

23 
23 

34 
34 

ns 

*PLH 
«PHL 

Any  y 

S4,6 

12 
12 

25 
25 

37 
37 

ns 

4-4 


SWITCHING  TIME  TEST  TABLE 


Input 


Outputs 


Inputs  at  OV  (remaining  inputs  at  4.5V) 


Cn+4.  SQ123.  s45 


P.  Y_1,  Yi,  All  X 


k1 
*3 


Cn+4.  S0123.  s45 
cn+4.  S123.  s45 
Cn+4.  S23.  s45 
S3 
s45 


Y_i.  Yi,AII  X 
Y_-|,  Yf,  All  X 
Y_l  Y-i,  All  X 
Y.,,  Y1r  All  X 
Y_1,  Y,.  All  X,  Cn 


XO 
*1 
"2 
*3 
*3 
x4 


Cn+4.  So 123.  S45 
Cn+4.  s0123,  s45 
Cn+4.  S123.  S45 
Cn+4.  S123.  S45 

S3 

S45 

S45 


Yl  All  k 
Y_-|,  Yl,  All  k 
Y_i,  Yl  AH  k 
Y-1,  Y,,  All  k 
Y_1,  Y,,  All  k 
Y-1.  Y,,  All  k,  Cn 
Y,,Allk.  Cn 


y-i 
vo 

¥4 


cn+4.  s0123.  s45 
cn+4.  s0123.  S45 
Cn+4.  SQ123.  S45 


P,  X,,  X2,  X3,  X4,  All  k 
P,  X,,  X2,  X3,  X4,  All  k 
Xq.  %  X2,  X3,  X4,  All  k 


DEFINITION  OF  TERMS 

SUBSCRIPT  TERMS: 

H   HIGH,  applying  to  a  HIGH  logic  level  or  when  used  with  Vcc 
to  indicate  high  Vcc  value. 
I  Input. 

L    LOW,  applying  to  LOW  logic  level  or  when  used  with  Vcc  t0 
indicate  low  Vcc  value. 
O  Output. 


FUNCTIONAL  TERMS 

Cn   The  carry  input  to  the  high-speed  adder. 

Cn+4    The  carry  output  from  the  high-speed  adder. 

k.    The  constant  field  used  for  accumulating  partial  products. 

i  =  0,  1,  2,  3.  At  the  beginning  of  the  array  the  K  field  can  be  used 

to  add  a  2's  complement  number  to  the  least  significant  half  of 

the  double  length  product. 

P  The  polarity  control  input.  This  input  must  be  at  a  low-logic 
level  for  numbers  in  the  active  high  logic  representation,  and  held 
high  for  numbers  in  the  active  low  logic  representation. 
Si   The  product  outputs,  i  =  0,  1,  2,  3,  4,  5. 

xj   The  multiplicand  inputs.  i  =  -1, 0,1, 2,3, 4.  At  the  first  column 


of  the  array  x_-|  must  be  held  at  logic  '0',  and  at  the  last  column 
of  the  array  x4  is  connected  to  X3. 
y.   The  multiplier  inputs,  i  = -1,0,  1. 

At  the  first  row  of  the  array  y_!  must  be  held  at  logic  '0'. 


OPERATIONAL  TERMS: 

IlL    Forward  input  load  current. 

Iqh    Output  HIGH  current,  forced  out  of  output  in  Vqh  test- 

Iql    Output  LOW  current,  forced  into  the  output  in  V0|_  test. 

Icc    The  current  drawn  by  the  device  from  VCc  power  supply 

with  input  and  output  terminals  open. 

1 1  h    Reverse  input  load  current. 

Negative  Current  Current  flowing  out  of  the  device. 

Positive  Current   Current  flowing  into  the  device. 

V|h    Minimum  logic  HIGH  input  voltage. 

Vil    Maximum  logic  LOW  input  voltage. 

V||\j    Input  voltage  applied  in  l|L,  l|H  tests. 

Vqh  Minimum  logic  HIGH  output  voltage  with  output  HIGH 
current  Iqh  flowing  out  of  output. 

Vql  Maximum  logic  LOW  output  voltage  with  output  LOW 
current  Iql  flowing  into  output. 
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APPLICATION 


Critical  speed  carries  between  columns  have  been  interchanged  with  2's  complement  carry-ins  Y5,  Y7,  Yg, 
Y-|  1  for  highest  speed. 


Figure  1.  High  Speed  12x12  2's  Complement  Multiplication 
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MSI  INTERFACING  RULES 


Interfacing 
Digital  Family 


Equivalent 
Input  Unit  Load 
HIGH  LOW 


Advanced  Micro  Devices  54/7400  Series 

1.25 

1.25 

Advanced  Micro  Devices  9300/2500  Series 

1.25 

1.25 

FSC  Series  9300 

1.25 

1.25 

Tl  Series  54/7400 

1.25 

1.25 

Signetics  Series  8200 

2.5 

2.5 

National  Series  DM  75/85 

1.25 

1.25 

DTL  Series  930 

15 

1.25 

OPERATION  TABLE 


Y  Multiplier 


v-i 

YO 

V1 

0 

0 

0 

i 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

1 

Operation 
X  Multiplicand 


K  +  0 
K+  X 
K  +  X 
K  +  2X 
K-2X 
K  -  X 
K  -  X 
K-0 


Active  Low  Inputs  and  Outputs 
T  =  Low,  '0'  =  High,  P  -  High 

Active  High  Inputs  andJDutputs 
'1  ■  =  High,  '0'  ■  Low,  P  =  Low 


Am25S05  LOADING  RULES  IN  UNIT  LOADS 

Input 

Unit  Load  Fanout 
Input    Input  Output  Output 
Input/Output   Pin  No.  s    HIGH    LOW     HIGH  LOW 


*4 

1 

0.2 

0.2 

cn 

2 

0.2 

0.2 

— 

*3 

3 

0.2 

0.2 

"2 

4 

0.4 

0.4 

x1 

5 

0.4 

0.4 

"0 

6 

0.4 

0.4 

x-1 

7 

0.2 

0.2 

So 

8 

20 

1 0 

Si 

9 

20 

10 

S2 

10 

20 

10 

S3 

11 

20 

10 

GND 

12 

- 

Cn+4 

13 

20 

10 

S4 

14 

20 

10 

S5 

15 

20 

10 

k3 

16 

2 

2 

*2 

17 

2 

2 

*1 

18 

2 

2 

*0 

19 

2 

2 

P 

20 

1 

1 

VI 

21 

0.6 

0.6 

vo 

22 

0.6 

0.6 

y-i 

23 

0.6 

0.6 

vCC 

24 

A  Schottkv  TTL  Unit  Load  is  defined  as  50/iA  at  2.7V  at  the  HIGH 
Logic  Level  and  -2.0  mA  at  0.5  V  at  the  LOW  Logic  Level. 


USER  NOTES 

1.  Arithmetic   in  the  multiplier  is  performed  in  the  2's  com- 
plement notation,  which  requires  a  carry  in  at  the  first 
stage.   This   is   accomplished   by  connecting  the  yj 
multiplier  bit  to  the  appropriate  carry  input  terminal 

i  =  1,  3,  5  .  .  . 
1 

2.  The  multiplier  can  perform  multiplication  in  either  the 
active  high  (positive  logic)  or  active  low  (negative  logic) 
representations  by  reinterpreting  the  active  logic  level 
and  by  grounding  or  leaving  the  polarity  control  pin  P 
open  circuit  respectively. 

3.  Multiplication  can  be  performed  in  number  representa- 
tions other  than  2's  complement  by  either  correcting 
the  2's  complement  product  or  adding  in  a  correction  at 
the  beginning  of  the  multiplication  at  the  K  inputs.  2's 
complement  nu  mbers  are  represented  as :  X  2  =  x  -xs  2n_1 

Number 

Correction 
None 

Add  xsY2  +  ysX2  +  xsys  at  k  inputs 


representation 

2's  complement 
1's  complement 
Unsigned 

(magnitude) 


Sign  magnitude  xs  =  0,  ys  =  0  None 

xs=1.ys  =  0  Form  [(XY)2 +2n"1y] 
xs  =  0,  ys=1  Form  [(XY)2 +2"-1xl 
xs  =  1,ys=1  Add2n-1(x  +  y)-22n-2 

4.  For  the  highest  speed  array  with  the  multipliers  arranged 
in  a  parallelogram  structure  carries  between  certain  mul- 
tipliers are  exchanged  with  the  y  carry-ins  needed  for 
2's  complement  subtract.  The  delays  in  the  array  are 
then  equalized  as  best  possible  as  shown  in  Figure  1. 

5.  For  higher  speed  multiplication  the  array  can  be  split 
into  several  parts  that  can  be  added  together  with  high- 
speed adders. 

6.  Rounding  off  to  a  single  length  product  can  be  achieved 
by  adding  a  'V  to  the  array  at  the  most  significant 
positive  k  input  of  the  array,  ignoring  the  most  signifi- 
cant product  digit,  and  using  the  remainder  of  the  most 
significant  part  of  the  product. 

7.  Truncation  of  a  product  without  round  off  enables  some 
of  the  multipliers  in  the  array  to  be  removed. 


Extend  multiplier  and  multiplicand 
one  bit  at  the  least  significant  end. 
Form  xoVo  +  Vox  +  x0y  with  con- 
ditional adder  and  add  to  array  shifted 
two  places  up  at  k  inputs.  Force 
ks.  Ys.  xs  =  0. 
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Am25S05 


CONNECTION  SCHEMES 


] 


5 


PARALLELOGRAM 
CARRIES  STAY 
IN  SAME  ROW 


PARALLELOGRAM 
CARRIES  FROM 
LOWER  ORDER 
MULTIPLIERS  SKIP 
TO  ALTERNATE  ROWS 
WHERE  POSSIBLE 


TYPICAL  MULTIPLICATION  TIMES 


Array 
Size 
Bits 

Total 
Multiplication 
Time  (ns) 

Package  Count 

Mmzoouo 

MlTlOfO/  / 40  IO  1 

4x4 

35 

2 

8x8 

75 

8 

• 

12x12 

115 

18 

12x12 

82 

18 

5 

16x16 

155 

32 

16x16 

111 

32 

7 

16x16 

98 

32 

16 

20x20 

195 

50 

20x20 

130 

50 

9 

24x24 

235 

72 

24x24 

149 

72. 

11 

24x24 

125 

72 

24 

28x28 

275 

98 

28x28 

168 

98 

13 

32x32 

315 

128 

32x32 

187 

128 

15 

32x32 

152 

128 

32 

I  L. 


It  H      H  II  1 1  It  3 

.  1  I     I  I  !  SPLIT  INTO 

TWO  PARTS  WHICH 
ARE  ADDED  WITH 
HIGHSPEED 

CARRY  LOOKAHEADADD" 


|     „    +  Am25S05  *-v-,*o»l>2 

III    II    II1  X=(x_1<0x,x2«3l2° 


Fig.  2 


Metallization  and  Pad  Layout 


DIE  SIZE  0.088"  X  0.110" 
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Distinctive  Characteristics 

•  4-bit  and  6-bit  high-speed  parallel  registers 

•  Common  clock  and  common  enable 


•  Positive  edge  triggered  D  flip-flops 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am25S07  is  a  6-bit,  high-speed  Schottky  register  with 
a  buffered  common  register  enable.  The  Am25S08  is  a  4-bit 
register  with  a  buffered  common  register  enable.  The  de- 
vices are  similiartothe  Am54S/74S174  and  Am54S/74S175 
but  feature  the  common  register  enable  rather  than 
common  clear. 

Both  registers  will  find  application  in  digital  systems  where 
information  is  associated  with  a  logic  gating  signal.  When 
the  enable  is  LOW,  data  on  the  D  inputs  is  stored  in  the 
register  on  the  positive  going  edge  of  the  clock  pulse.  When 
the  enable  is  HIGH,  the  register  will  not  change  state  re- 
gardless of  the  clock  or  data  input  transitions. 


LOGIC  SYMBOLS 


Am25S07 


1  3  4  6  It  13  14 
■-■      l       l       i  I 


Am25S08 


E     Do    D]    D;    O3    On  D5 


6-81T  REGISTER 


Qq    Ol    02    Q3    Oa  05 


TT 


D0         Oi         D2  D3 


2      5      7     10     12  15 


TTTTTTTT 

3     3     6     7     II    10   14  15 


Vcc  -  Pin  16 
GND  »  Pin  8 


P  ^O- 


LOGIC  DIAGRAMS 
Am25S07 

Di  D2  D3 


P^r  P— -r  B=d  P 


3^ 

CP  □ 


as 

Am25S08 


CP  D 


Q2  02 


°3  Q3 


ORDERING  INFORMATION 


Package 
Type 

Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 

Dice 


Temperature 
Range 

0°Cto+70°C 
0°C  to  +70°  C 
0°C  to  +70°C 
-55°  C  to  +125°C 
-55°C  to  M25°C 
-55°  C  to  +125°C 


Am25S07 

Order 
Number 

AM25S07PC 
AM25S07DC 
AM25S07XC 
AM25S07DM 
AM25S07FM 
AM25S07XM 


Am25S08 

Order 
Number 

AM25S08PC 
AM25S08DC 
AM25S08XC 
AM25S08DM 
AM25S06FM 
AM25S08XM 


CONNECTION  DIAGRAMS 
Top  Views 

Am25S07  Am25S08 


VCC   °S     D5     °i    Q4     D3     Q3  CP 

nnnnnnnn 

16     15     14     13     1?     11     10  9 


2       3       4       5       6       7  8 

uuuuuuuu 


VCC   Q3     Q3     D3     °2     Q2    Q2  CP 

nnnnnnnn 

16     15     14     13     12      11      10  9 


DQ    0,     Q,     D2    Q2  GND 

Note:  Pin  1  is  marked  for  orientation 


2       3      4       5       6       7  8 

uuuuuuuu 

E      QQ      Q0     DQ     D,      Q,     O,  GND 
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Am25S07/08 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55°Cto+125°C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5  V  to  +7V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5  V  to  +VCC  max. 


DC  Input  Voltage 


-0.5  V  to  +5.5  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  m A 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am25S07XC,  Am25S08XC 
Am25S07XM,  Am25S08XM 


TA  -  0  C  to  +70  C 

T a  =  -55°C  to  +125°C 


Vcc  =  5.0V  ±5%  (COM'L) 
Vcc  =■  5.0V  ±10%  (MIL) 


MIN.  =  4.75  V 
Ml  N.  =  4.5V 


MAX.  ■ 
MAX.  • 


5.25  V 
5.5  V 


Parameters 

Description 

Test  Conditions  (NoteD 

Min. 

Typ.lNote  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  —1  mA 

XC 

2.7 

3.4 

Volts 

vIN=V|HorV|L 

XM 

2.5 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN.,  lOL  =  20mA 
VIN  =  vIH°rV|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

'IL 

(Note  3) 

Unit  Load 

Input  LOW  Current 

VCc  =  MAX.,  V|N  =  0.5V 

-2 

mA 

■iH 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC-  MAX.,  V|N  =  2.7  V 

50 

MA 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5V 

1.0 

mA 

"sc 

Output  Short  Circuit  Current  (Note  4) 

VCC  =  MAX. 

-40 

-100 

mA 

ice 

Power  Supply  Current  (Note  5) 

VCC  -  MAX. 

S07 

90 

144 

mA 

S08 

60 

96 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Actual  input  currents  -  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Outputs  open;  enable  grounded;  data  inputs  at  4.5V,  measured  after  a  momentary  ground,  then  4.5V  applied  to  the  clock  input. 


Switching  Characteristics  0a  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Clock  to  Output 

4 

8 

12 

ns 

tPHL 

Clock  to  Output 

4 

11.5 

17 

ns 

tpw 

Clock  Pulse  Width 

7 

ns 

«s 

Data 

VCC  =  5.0V,  CL  -  1SpF,  RL  "  280fi 

5.5 

ns 

's 

Enable 

9 

ns 

th 

Data 

3 

ns 

th 

Enable 

3 

ns 
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Am25S07  LOADING  RULES 
(InSTTL  Unit  Loads) 


Fan-out 


Input/Output 

Pin  No  '« 

rill  liUi  9 

Input 
Unit  I  nari 

Output 
HIGH 

Output 
LOW 

Innnt/fliitniit 
1  II  (J  U  1/ \/UipU  I 

Pin  No 's 

Input 
Unit  LnaH 

Output 
HIGH 

Output 
LOW 

1" 

■J 

1 

1 

Qq 

2 

20 

1 0 

Q0 

2 

20 

1 0 

°0 

3 

1 

Q0 

20 

1 0 

°1 

4 

1 

D0 

Qi 

B 

20 

1 0 

5 

1 

D2 

g 

1 

u1 

5 

20 

10 

Q2 

7 

20 

1  n 
1  u 

Q1 

20 

1 0 

GND 

g 

GND 

g 

CP 

g 

■J 

g 

1 

0-3 

10 

20 

10 

Q9 

10 

20 

10 

03 

11 

1 

Q2 

11 

20 

10 

Q4 

12 

20 

10 

D2 

12 

1 

D4 

13 

1 

°3 

13 

1 

°5 

14 

1 

°3 

14 

20 

10 

Qs 

15 

20 

10 

Q3 

15 

20 

10 

vCc 

16 

vCC 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50fiA  measured  at 
2.7V  HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


Am25S08  LOADING  RULES 
(In  STTL  Unit  Loads) 


Fan-out 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj  The  D  flip-flop  data  inputs. 

E   Enable.  When  the  enable  is  LOW,  data  on  the  D\  inputs  is 
transferred  to  the  Q,  outputs  on  the  LOW-to-HIGH  clock 
transition.  When  the  enable  is  HIGH,  the  Q,  outputs  do  not 
change  regardless  of  the  data  or  clock  input  transitions. 
CP   Clock  Pulse  for  the  register.  Enters  data  on  the  LOW-to- 
HIGH  transition. 
Qj   The  TRUE  register  outputs. 
Qj  The  complement  register  outputs 


FUNCTION  TABLE 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Inputs 

Outputs 

E 

Di 

CP 

Qi 

Qi 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

L 

X 

L 

NC 

NC 

L 

L 

t 

L 

H 

L 

H 

t 

H 

L 

Note:  Actual  current  flow  direction  shown. 


H  =  HIGH  NC  =  No  Change 

L  =  LOW  X    =  Don't  Care 

t .  -  LOW-to-HIGH  Transition 
Q,  on  Am25S08  Only 
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Am25S07/08 


APPLICATIONS 


Selective  Register  Loading  of  Data  on  Synchronous  Clock. 


REGISTERS 

By  John  R.  Mick 


INTRODUCTION 

There  is  a  continual  emphasis  on  higher  and  higher  speed 
digital  systems.  Many  TTL  MSI  functional  blocks  are  now 
standard  items  and  most  high  speed  digital  systems  use  large 
numbers  of  th.ese  devices  for  storage  and  control.  With  the 
advent  of  Schottky  technology,  the  most  popular  of  these 
functional  storage  and  control  blocks  are  now  available  at 
still  higher  speeds.  In  addition,  several  new,  very  useful 
variations  of  these  products  are  available  so  that  the  digital 
systems  designer  now  has  a  comprehensive  set  of  register 
functions  available  for  todays  high  speed  designs. 

THE  Am54S/74S194  AND  Am54S/74S195 
SHIFT  REGISTERS 

The  logic  diagrams  of  these  advanced  Schottky  registers  to- 
gether with  the  logic  symbol  representing  their  logic  function 


are  shown  in  Figure  1.  These  devices  are  perhaps  the  most 
popular  four  bit  shift  registers  and  are  useful  for  a  variety  of 
storage  and  control  functions. 

For  both  registers,  the  outputs  change  state  synchronously 
following  a  LOW-to-HIGH  transition  on  the  clock  input,  CP. 
Both  devices  have  an  active-LOW  synchronous  clear  (CLR) 
which  forces  all  outputs  to  the  LOW  state  (QD  HIGH)  in- 
dependent of  any  other  inputs.  All  control  inputs  are  buffered 
to  present  only  one  Schottky  TTL  load  to  the  system,  and  all 
outputs  can  drive  10  Schottky  loads  in  the  LOW  state  and  20 
in  the  HIGH  state.  Because  all  the  flip-flops  are  D-type,  they 
do  not  catch  0's  or  1's,  and  the  only  requirements  on  any  of 
the  inputs  is  that  they  meet  the  short  set-up  and  hold  time 
intervals  with  respect  to  the  clock  LOW-to-HIGH  transition. 

The  Am54S/74S194  shift  register  operates  in  four  modes 
under  control  of  the  two  select  inputs,  Sq  and  S^.  The  four 


A        B         C  D 

K 

Am54S/74S195 

CP 

CLROa 

QB       Qc  QD 

15     14     13  12 


15       14        13       12  11 


VCC  =  Pin  16 
GND  =  Pin  8 


Figure  1.  Logic  Diagrams  and  Logic  Symbols  for  the  Am54S/74S194  and  Am54S/74S195  Shift  Registers. 
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modes  are  parallel  load  (data  comes  from  the  parallel  inputs), 
shift  right  (data  comes  from  the  flip-flop  to  the  left,  with  the 
Qa.  bit  input  from  R),  shift  left  (data  comes  from  the  flip-flop 
to  the  right,  with  the  Qq  input  from  L),  and  hold  or  do  nothing 
(each  flip-flop  receives  data  from  its  own  output).  It  should  be 
noted  that  on  the  Am54S/74S194  register  there  are  no 
restrictions  on  the  So  and  Si  select  inputs  when  the  clock  is 
LOW  as  there  are  on  the  Am54/74194  shift  register. 

The  Am54S/74S195  can  either  parallel  load  all  four  register 
bits  via  the  parallel  inputs  (A,  B,  C,  D)  or  shift  each  of  the 
four  register  bits  right  one  place.  The  shifting  or  parallel  load- 
ing is  under  control  of  the  shift/load  input  (S/L).  When  the 
shift/load  input  is  LOW,  data  is  loaded  from  the  parallel  data 
inputs;  when  the  shift/load  input  is  HIGH,  data  is  loaded  from 
the  reg_ster  bits  on  the  left.  The  first  bit,  QA,  is  loaded  via  the 
J  and  K  inputs  in  the  shift  mode.  The  Function  Tables  for  the 
Am54S/74S194  and  Am54S/74S195  registers  are  shown  in 
Figure  2. 

THE  Am25S07  AND  Am54S/74S174  SIX-BIT  REGISTERS 

The  logic  diagrams  and  logic  symbols  representing  these  6-bit 
registers  are  shown  in  Figure  3.  Both  devices  consist  of  six 
D-type  positive  edge  triggered  flip-flops  with  a  buffered  com- 
mon clock.  Each  flip-flop  has  a  separate  D  input  and  a  separate 
Q  output. 

The  Am54S/74S174  register  has  an  asynchronous  active-LOW 
buffered  clear  input.  When  the  clear  input  is  LOW,  the  Q  out- 
puts are  LOW  independent  of  the  clock  or  D  inputs. 

The  Am25S07  is  similar  to  the  Am54S/74S174  except  the 
common  clear  input  is  replaced  by  a  common  active-LOW 


clock  enable  (E).  When  the  clock  enable  input  is. LOW,  the 
data  on  the  D  inputs  are  stored  in  the  register  on  the  positive 
going  edge  of  the  clock.  When  the  clock  enable  is  HIGH,  the 
register  will  not  change  state  regardless  of  the  clock  or  data  in- 
puts transitions. 

This  clock  enable  (or  strobe)  is  extremely  useful  in  many  ap- 
plications since  it  removes  the  necessity  of  gating  the  clock  line 
of  the  register.  Thus,  the  register  can  be  controlled  to  enter 
data  as  required  without  additional  clock  propagation  delay. 
There  are  no  restrictions  on  this  clock  enable.  The  only  re- 
quirement is  that  the  clock  enable  input  and  data  inputs  meet 
the  set-up  and  hold  times  with  respect  to  the  clock  LOW-to- 
HIGH  transition.  The  Function  Tables  for  the  Am54S/74S174 
and  Am25S07  registers  are  shown  in  Figure  4. 


THE  Am25S08  AND  Am54S/74S175  FOUR-BIT  REGISTERS 

The  logic  diagrams  for  these  four-bit  registers  and  the  logic 
symbols  representing  them  are  shown  in  Figure  5.  Both  de- 
vices consist  of  four  D-type  positive  edge  triggered  flip-flops 
with  a  buffered  common  clock.  Each  flip-flop  has  a  separate  D 
input  and  separate  Q  and  Q  outputs.  Having  both  outputs 
available  makes  these  registers  particularly  useful  for  general 
purpose  decoding  and  control  applications. 

These  devices  are  similar  to  the  Am25S07  and  Am54S/74S174 
registers  in  that  the  Am25S08  has  a  buffered  clock  enable  in- 
put and  the  Am54S/74S175  has  an  asynchronous  active-LOW 
buffered  clear  input.  The  operation  is  similar  to  that  described 
in  the  previous  section  and  the  Function  Tables  are  as  show 
in  Figure  4. 


own 


FUNCTION  TABLES 


Am54S/74S194 


Am54S/74S195 


INPUTS 

OUTPUTS 

FUNC1 

"ION 

Clear 

Mode 

Si  s0 

Clock 

Serial 

Parallel 

Oa°b  °c  °d 

Left  Right 

ABC  D 

Clear 

L 

X  X 

X 

X  X 

XXXX 

L    L     L  L 

No 

Change 

H 
H 

X  X 
X  X 

L 
H 

X  X 
X  X 

XXXX 
XXXX 

NC  NC  NC  NC 
NC  NC  NC  NC 

Paralle 
Load 

H 

H  H 

t 

x  x' 

D0  □]  D2  D3 

D0  D,    D2  D3 

Shift 
Right 

H 
H 

L  H 
L  H 

t 
f 

X  L 
X  H 

XXXX 
XXXX 

L  QA  Qb  Qc 
h  qa  qb  Qc 

Shift 
Left 

H 
H 

H  L 
H  L 

f 

L  X 
H  X 

XXXX 
XXXX 

Qb  Qc  Qd  l 

QB  Qc  Qd  h 

Hold 

H 

L  L 

X 

X  X 

XXXX 

NC  NC  NC  NC 

INPUTS 

OUTPUTS 

Clear 

Shift/ 
Load 

Clock 

Serial 

Parallel 

Qa  Qb  °c  qd  Qd 

J  R 

A     B     C  D 

L 

X 

X 

X  X 

XXXX 

L      L       L      L  H 

H 
H 

X 
X 

L 
H 

X  X 
X  X 

XXXX 
XXXX 

NC   NC    NC   NC  NC 
NC   NC    NC   NC  NC 

H 

L 

t 

X  X 

D0    D-i     D2  D3 

D0    D,     D2    D3  D3 

H 
H 
H 
H 

H 
H 
H 
H 

t 
f 
t 
t 

L  H 
L  L 
H  H 
H  L 

XXXX 

xxxx 
xxxx 
xxxx 

Qa  Qa  Qb  Qc  Qc 
l   qa  Qb  Qc  Qc 
h  qa  Qb  Qc  qc 
Qa  Qa  Qb  Qc  Qc 

H  =  HIGH  X  -  Don't  Care 

L  =  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  transition. 

D;  =  May  be  a  HIGH  or  a  LOW  and  the  respective  output  will 
same  state. 


H  -  HIGH  X  =  Don't  Care 

L  -  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  transition. 

Dj  -  May  be  a  HIGH  or  a  LOW  and  the  respective  output  will  assume  the 
same  state. 


:  1.  M  the  J  and  K  inputs  are  tied  together,  the  common  line  t 
D-Type  input  to  the  first  bit  in  the  shift  mode. 
2.  Linear  feedback  shjft  counters  can  be  made  by  connecting  the  Qq  and 
Qrj  outputs  to  the  K  and  J  inputs,  respectively. 


Figure  2.  Function  Tables  for  the  Am54S/74S194  and  Am54S/74S195  Shift  Registers. 
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LOGIC  DIAGRAMS 
Am25S07 


n 


°3 


'->°  X_ 

cr  o 


Am54S/74S174 

3d 


CCD  r-0  CD  [-0  CD  pO  CO  i-O 

Loj  [loj  [Toi  |i_ -yj 


°2 


LOGIC  SYMBOLS 


°3 


1      3      4      6      11     13  14 

muu 


Op    Qi    02    gg    Qj  Qs 


1  I  I  I  I 

2  5      7     10     12  15 


•3 

I 

4       6      11  13 

INI 

14 

1 

DO 

Dt     02     D3  D4 

CL 

Qo 

Am54S/74S174 
6-BIT  REGISTER 

Q]     Q2     Q3  Q4 

°5 

2 

MM 

5       7      10  12 

l 

15 

Figure  3.  Logic  Diagram  and  Logic  Symbols  for  Am25S07  and  Am54S/74S174  Registers. 


Am25S07,  Am25S08 


H-HIGH  NC  =  No  Change 

L  -  LOW  X    =  Don't  Care 

I  -  LOW-to-HIGH  Transition 
Qi  on  Am25S08  Only 


FUNCTION  TABLES 


Inputs 

Outputs 

E 

Dj 

CP 

Qi 

Qi 

H 

X 

X 

NC 

NC 

L 

X 

H 

NC 

NC 

L 

X 

L 

NC 

NC 

L 

L 

t 

L 

H 

L 

H 

t 

H 

L 

Am54S/74S174,  Am54S/74S175 


INPUTS 

OUTPUTS 

Clear 

Clock 

Qi 

Qi 

Qj 

L 

X 

X 

L 

H 

H 

L 

X 

NC 

NC 

H 

H 

X 

NC 

NC 

H 

t 

L 

L 

H 

H 

t 

H 

H 

L 

H  =  HIGH  X  -  Don't  Care 

L  =  LOW  NC  -  No  Change 

t  =  LOW-to-HIGH  Transition 

Note:  Qj  on  Am54S/74S175  only 


Figure  4.  Function  Tables  for  Am25S07,  Am25S08,  Am54S/74S174  and  Am54S/74S175  Registers. 
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LOGIC  DIAGRAMS 
Am25S08 


D2 


— 1>°  z2 


CP  0 
Q  Q 


J 

CP  D„ 

E 

Q  Q 

Am54S/74S175 


Q2  Q2 


Q3  Q3 


H>° — 


Q  Q 


CP  D 


°0     Q0  Ql      Ql  '    02  Q2 

LOGIC  SYMBOLS 


5  12  13 


03  Q;3 


12  13 


E         Do         Di  O3 


4BIT  REGISTER 

Qo        Qi        Q2  Q3 


T  I  T  I  T  I  T  I 

3     2     6     7     11    10  14  15 


Dq  Dt  D2  D3 

P 

Am54S/74S175 
4-BIT  REGISTER 

QO         Qi          Q2       „  Q3 


y  1  ?  1  t  n 

3    2'      6    7      11   10     14  15 


VCC  =  p'n  1  6 
GND  -  Pin  8 


Figure  5.  Logic  Diagrams  and  Logic  Symbols  for  Am25S08  and  Am54S/74S175  Registers. 


CP   


LOGIC  DIAGRAM 


» 

A 

"OB  0 

A 

D1B  0 

A 

°2B   % 

A 

— 1>°  . 

Q0  a, 

LOGIC  SYMBOL 

3      4      8      5      11     12     14  13 


D0A  D0B  °1A  °1B  D2A  °2B  D3A  °3B 


Qq  Q1  Q2  Q3 


vcc  =  Pin  1  6 
10  15  GND  =  Pin  8 


Figure  6.  Logic  Diagram  and  Logic  Symbol  for  the  Am25S09  Register. 
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THE  Am25S09  FOUR-BIT  REGISTER 

This  device  is  a  four-bit  register  that  features  a  quad  two  input 
multiplexer  at  the  input  of  the  register.  This  allows  data  to  be 
stored  in  the  register  from  either  of  two  different  data  inputs. 
The  logic  diagram  and  logic  symbol  for  this  device  is  shown 
in  Figure  6. 

The  register  consists  of  four  D-type  positive  edge  triggered 
flip-flops  with  a  buffered  common  clock  and  a  two-input 
multiplexer  connected  to  the  D  input  of  each  flip-flop.  A  buf- 
fered common  select  line,  S,  controls  the  state  of  the  four 
multiplexers.  When  the  S  select  input  is  LOW,  the  A  input 
word  will  be  stored  in  the  register.  When  the  S  select  input  is 
HIGH,  the  B  input  word  will  be  stored  in  the  register  as  shown 
in  the  Function  Table  of  Figure  7.  This  ability  to  select  the 
register  input  from  either  of  two  data  sources  is  particularly 
useful  in  many  applications.  The  data  from  one  of  two  sources 
may  be  programmed  or  perhaps  an  operate/manual  test 
capability  is  performed. 


APPLICATIONS 

Applications  for  these  registers  are  numerous.  By  having  both 
four-bit  and  six-bit  versions  available,  many  general  and 
special  data  storage  applications  are  easily  handled.  Also,  the 
registers  with   the   clock   enable  input  provide  a  unique 


capability  for  many  high-speed  synchronous  systems.  With  so 
many  Schottky  TTL  registers  available,  the  digital  designer 
now  has  the  right  register  for  each  data  storage  application. 
Applications  for  the  registers  previously  described  are  shown 
on  the  remaining  pages. 


FUNCTION  TABLE 


SELECT 

CLOCK 

DATA 

INPUTS 

OUTPUT 

S 

CP 

DiA 

DiB 

Qj 

L 

t 

L 

X 

L 

L 

t 

H 

X 

H 

H 

t 

X 

L 

L 

H 

t 

X 

H 

H 

H  =  HIGH  Voltage  Level 

X  =  Don't  Care 

t  =  LOW-to-HIGH  Transition 


L  =  LOW  Voltage  Level 
i  =  0,  1,2,  or  3 


Figure  7.  Function  Table  for  the  Am25S09  Register. 


D„    D1    O;    D3     D4  D5 


0,    Q,     Q3    Q,    Q4  0. 


Six-Bit  Shift  Register  with  Clock  Enable. 


D0    D,     D2    D3    D4  D5 

Anano? 

PQ0    0,     Q2    °3    04  Q5 


DATA  OUT 

Triple  Two-Bit  Register  with  Clock  Enable. 


DATA     B  " 
IN  |  A  - 


Am54S/7«174 


O*    Q4  Q= 


Dual  Three-Bit  Shift  Register  with  Clear. 


Two-Word  Six-Bit  Register  with  Clock  Enable  Load  on  the 
First  Word  and  a  Clear  on  the  Second  Word. 


One  useful  but  often  overlooked  application  for  the  Am25S07  and  Am54S/74S174  is  in  a  shift  register 
connection  with  the  output  of  one  register  stage  acting  as  the  input  of  the  next  register  stage.  Shift  right  (or 
left)  connections  for  these  devices  are  shown.  If  the  Am25S08  or  Am54S/74S175  four-bit  registers  are 
connected  in  a  similar  fashion,  both  the  true  and  complement  outputs  are  available.  This  is  especially  useful 
in  some  decoder  applications. 


Figure  8.  D-Type  Registers  Connected  for  Shifting. 
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s,  . 

CLOCK  ■ 


CLEAR  • 
SHIFT  . 
LEFT 


A0    Ai    A2  A3 

I    I    I  I 


Am54S/74S194 
CLR  QA    QB    QC  QD 


Bq    BT     B2  B3 


A4    A5    Ag  A7 

1    I    I    I  I 


I  Am54S/74S194 
CLR  QA    °B    °C  QD 


B4     B5     Bg  By 


A8     A9  A10  A11 

1    I    I    I  I 


Sl  Am54S/74S194 
CP 

CLR  QA    QB    °C  QD 


Bg    B10  B,, 


SHIFT 
-  RIGHT 
OUT 


The  normal  shift  register  connection  for  long  words  using  the  Am54S/74S194  features  shift-right,  shift-left, 
parallel  load  or  hold  data  modes.  It  can  be  connected  to  circulate  data  in  either  direction  or  shift  in  O's  or 
1's  at  either  end.  The  Am54S/74S195  is  connected  in  a  similar  fashion,  however,  the  device  can  shift  data 
in  only  one  direction.  Although  the  Am54S/74S195  is  called  a  shift-right  register,  it  can  be  used  to  shift  data 
left  by  relabeling  the  shift  and  parallel  inputs  and  the  Q  outputs. 


Figure  9.  Connecting  the  Am54S/74S194  Shift  Register  for  Longer  Words. 


*!- 


CLOCK  _ 
LOAD/RECIRCULATE  - 
STATIC  TEST/OPERATE  " 


The  Am25S09  can  be  used  in  a  258  x  4  memory  system  with  load/recirculate  control,  and  1  x  4  static  test 
capability  for  the  system.  This  circuit  is  especially  useful  in  digital  filtering  where  special  algorithms  require 
a  static  single  step  operation  for  testing  purposes.  MOS  interface  is  one  STTL  unit  load  at  each  end.  The  re- 
quired pull-up  and  pull-down  resistors  are  not  shown. 


Figure  10.  Using  the  Am25S09  with  Dynamic  Shift  Registers. 
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S1  ■ 

CP1  - 


°oa  Oia  o7A  d3a  Dob  d1b  Die  o3B 
Am25S09 


■  CF 


1      I  T 


WORD  1 


-i   I   I  I 


J  L 

DOA  °.A  D2A  03A  OoB  »1B  ^28  £>3B 

Am25S09 

Qq  0,  Qj  Q3 


i — i — r 


WORD  2 


£>0A  °IA  D2A  °3A  Dqb  d1B  d2B  d38 


□o        a,        Oj  a3 


The  Am25S09  used  to  store  a  word  from  either  data  bus 


Figure  11.   Selective  Bus  Storage  with  the  Am25S09  Register. 


SHIFT 
LEFT  ■ 
OUT 


D0A  °0B  \ 

/  D1A  D1B  \   /  °2A  D2B  \ 

j  »3A  °3B 

°o  / 

\  °3 

The  Am25S09  can  be  used  as  a  shift-left,  shift-right  register  under  control  of  a  single  select  input.  This 
connection  can  also  be  used  as  a  clocked  last-in,  first-out  (LIFO)  memory.  The  output  data  is  available  in 
either  serial  or  parallel  form. 


Figure  12.  The  Am25S09  as  a  LIFO  Memory. 
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U       15       16  17 


S/L       A        B        C  0 
P  Am54S/74195  Qd 

CLR     °A      °B      °C  °D 


3      C     fw  f^" 


12 


NORMAL  DEFINITIONS 


ALTERNATE  DEFINITIONS 


PIN  NO. 

12 

13 

14 

15 

Decimal 

23 

22 

21 

2° 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

1 

0 

2 

0 

1 

0 

1 

5 

1 

0 

1 

0 

10 

0 

1 

0 

0 

4 

1 

0 

0 

1 

9 

0 

0 

1 

1 

3 

0 

1 

1 

0 

6 

1 

1 

0 

1 

13 

1 

0 

1 

1 

11 

0 

1 

1 

1 

7 

1 

1 

1 

0 

14 

1 

1 

0 

0 

12 

1 

0 

0 

0 

8 

0 

0 

0 

0 

0 

PIN  NO. 

12 

13 

14 

15 

Decimal 

20 

21 

22 

23 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8 

0 

0 

1 

0 

4 

0 

1 

0 

1 

10 

1 

0 

1 

0 

5 

0 

1 

0 

0 

2 

1 

0 

0 

1 

9 

0 

0 

1 

1 

12 

0 

1 

1 

0 

6 

1 

1 

0 

1 

11 

1 

0 

1 

1 

13 

0 

1 

1 

1 

14 
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1 

1 

0 

7 

1 

1 

0 

0 

3 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

A  high-speed  modulo  15  linear  feedback  shift  register  takes  advantage  of  the  J  and  K  inputs  on 
the  Am54S/74S195.  The  "decimal"  sequence  is  determined  by  the  weight  assigned  to  the  out- 
put pins  and  many  alternate  definitions  are  possible.  Registers  of  longer  length  can  be  built  by 
cascading  additional  Am54S/74S195's.  Binary  state  15  (all  1's)  is  not  self-correcting.  The  clear 
or  parallel  load  should  be  used  to  initialize  the  register. 


Figure  13.  Pseudo- Random  Feedback  Registers. 
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INPUT 
DATA  BUS 





3  


Am54S/74S139 


D0 


Qo 

°2 


'  Am25S07 
°3  °3 


□5 


0., 
05 


Do  Qo 
D,  Q, 

°2  °2 
Am25S07 

D4  Q4 


The  clock  enable  on  the  Am25S07  or  Am25S08  can  be  used  to  perform  selective  register  loading  from  a 
common  data  bus.  One-half  of  an  Am54S/74S139  dual  one-of-four  decoder  provides  the  select  signals  as 
controlled  by  the  two-bit  select  field  (A  and  B).  The  enable  input  (G)  on  the  Am54S/74SI39  can  be  used  to 
inhibit  loading  of  any  of  the  four  registers. 


i  for  One  Register. 
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PARALLEL  DATA  INPUTS 


D»l  %  »H  »IB  D2A  D2B  °3A  D3B 


°n  a, 


Often  a  need  occurs  to  delay  one  or  two  signals  by  a  few  clock  cycles.  This  example  shows  the  Am25S09 
providing  two  clock  delays  for  two  input  data  paths.  In  addition,  a  parallel  preset  (or  clear)  is  available  via 
the  load/shift  control  for  initialization.  Also,  the  data  delayed  by  one  clock  cycle  is  available  if  needed. 


Figure  15.  Dual  Two-Bit  Right-Shift  Register  with  Full  Parallel  Load. 


ENABLE   O  E 

CLOCK    CP 


D0         D,         D2  D3 


°0  °1  Q2  °3 

mm? 


I  w  1 1  w  r 

D0     0,     D2     D3     D4     D5     D6  D7 


Am54S/74S151 


w  y 

T5  r 


FUNCTION  TABLE 


Q3    Q2    Qi  Q0 


Mplx. 
State 


Mplx. 
Input 


Q3 
o 

Q3 
0 

Q3 
0 

°3 
03 
1 

Q, 


The  Am25S08  is  shown  combined  with  an  Am54S/74S151 
eight-input  multiplexer  to  build  a  4-bit  shift  counter.  This 
technique  provides  the  ability  to  design  many  unique  codes. 
By  using  the  Am54S/74S251  eight-input  multiplexer  with 
three  state  outputs,  the  same  register  can  be  used  with  inter- 
changeable codes  depending  on  which  multiplexer  output  is 
enabled.  The  Am54S/74S195  can  also  be  very  useful  in  this 
application  since  both  the  QD  and  Qq  outputs  are  available 
and  the  J  and  K  inputs  can  be  tied  to  the  multiplexer  output 
to  provide  a  D-type  input.  This  device  offers  a  direct  clear  as 
well  as  a  parallel  load  for  initialization  to  any  counter  state. 
However,  the  true  and  complement  outputs  are  not  available 
with  the  Am54S/74S195. 


er  Generates  Unique  Counting  Codes. 
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°0  °2 


*2- 
«1- 


1  2  |3  4  5  6 
'-3     '-2     '-I      '0       'l  '2 

So 


Am25S10 


OE 


3       4       6       5       11      12     14  13 


Aq     A,     B0     B 1     CQ  C, 


10  15 


13- 


1  2  |3  4  5  6  7 
'-3    '-2      '-1      '0       '1        '2  '3 


3       4      6       5       11      12     14  13 


Aq    A,     BQ     B,     C0     C,     D0  D, 


10  15 


FUNCTION  TABLE 


S2  St  So 

w0 

W, 

W2 

w3 

W4 

w5 

W6 

W7 

0  0  0 

D0 

D1 

D2 

D3 

D4 

D5 

°6 

D7 

0  0  1 

D7 

D0 

D1 

D2 

D3 

D4 

D5 

D6 

0   1  0 

D6 

D7 

D0 

Dl 

D2 

D3 

D4 

D5 

0  1  1 

D5 

D6 

D7 

D0 

Dl 

D2 

D3 

D4 

1   0  0 

D4 

D5 

D6 

D7 

D0 

Dl 

D2 

D3 

1   0  1 

°3 

D4 

D5 

D6 

D7 

D0 

Dl 

D2 

1    1  0 

D2 

D3 

D4 

D5 

D6 

D7 

D0 

Qi 

1  1  1 

Pi 

D2 

D3 

D4 

D5 

D6 

D7 

D0 

Two  Am25S09  registers  with  the  two  input  multiplexer  can  be  used  in  conjunction  with  two  Am25S10 
four-bit  shifters  to  implement  an  eight-bit  full  end  around  shifter  (barrel  shifter)  with  storage.  The  Function 
Table  shows  the  data  rotation  for  the  various  three-bit  select  field  states. 


Figure  17.  Eight-Bit  Full  End  Around  Shift  with  Storage. 
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C 

D 
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B 
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1 
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A 

Two  Am25S10  four-bit  shifters  are  used  in  conjunction  with  an  Am25S09  register  to  perform  all  possible 
permutations  on  four  inputs.  The  number  of  combinations  possible  on  n  items  is  given  as  n!.  Thus,  for  n 
equal  to  4,  24  combinations  are  possible.  The  Function  Table  shows  all  32  combinations  of  the  5-bit  select 
code  including  the  8  redundant  states.  The  four  outputs  are  stored  via  the  Am25S09  register.  This  con- 
nection can  be  particularly  useful  in  security  systems  and  certain  random  number  generation  schemes.  The 
eight  redundant  states  can  be  placed  at  other  select  field  locations  through  proper  design. 


Figure  18.  Perform  all  Permutations  on  Four  Inputs. 
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Am54S/74S174 


Q0       Q,       Q2       Q3      Q„  Q6 


°0       Dl       °2       D3       D4  D5 

:lr 

Am54S/74S174 

:p 

Q0       Q,       Q2      Q3       Q4  Q5 


The  Am54S/74S174  register  is  used  to  hold  the  running  partial  product  of  an  8-bit  serial-parallel  2's  com- 
plement multiplier.  The  Am25S05  2's  complement  multiplier  provides  the  combinatorial  logic  of  Booth's 
algorithm.  This  connection  multiplies  a  parallel  X  word  by  a  serial  Y  word  (LSB  first)  to  give  a  resultant 
serial  product  word  P  (LSB  first).  If  the  entire  product  is  to  be  taken  in  serial  form,  the  Y  input  sign  bit 
must  be  extended  for  the  total  number  of  clock  cycles.  For  example,  an  8-bit  X  multiplied  by  an  8-bit  Y 
requires  1 6  clock  cycles  and  the  Y's  sign  must  be  extended  for  the  last  eight  clock  cycles. 


Figure  19.  Serial -Parallel  Multiplication. 
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B„     A,      B,      A,     B,     A3  83 


C,N  - 


4.  SIT  ARITHMETIC 
LOGIC  UNIT 


^Aq  B0  A,  B,  A2  Bj  A3  B3 
■  *0 


A2    Bj    A3  B3 


Am54S/?4SlB1 
a  BIT  ARITHMETIC 
LOGIC  UNIT 


AmMS/74S181 
A -BIT  ARITHMETIC 
LOGIC  UNIT 


E      DD     D,     Oj     O3    D4  Os 


ACCUMULATOR 


e    o0  d,  0,030405 


°0     °1      °J      °3      °4  °S 


6     7      8      9     10  11 


The  clock  enable  feature  of  the  Am25S07  can  be  used  to  advantage  in  a  high-speed  arithmetic  logic 
accumulator.  Clearing  is  accomplished  via  one  of  the  16  select  states  of  the  Am54S/74S181 . 


Figure  20.  High-Speed  Arithmetic  Accumulator. 
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FUNCTION  TABLE 


CP  S/L  A  B  C  D 
CLR 

Am54S/74S195 


Qq       q,       q2  q3 


Q0         O,         Q2  Q3 


Input 

Input 

Divide  By 

A 

B 

Output 

2 

u 

3 

Qn 

Qi 

Qi 

4 

Q1 

H 

Q1 

5 

Qi 

Q2 

Q2 

6 

Q2 

H 

Q2 

7 

Q2 

Q3 

0-3 

8 

0-3 

H 

Q3 

CLOCK  - 
CLEAR  - 





S/L 

A          B          C  D 

CP 

CLR 
K 

Am54S/74S775 

Q0 

Q,      Q2  Q3 

QO      0,       Q2  Q3 


Q4       Q5       03  Q, 


FUNCTION  TABLE 


Input 

Input 

Divide  By 

A 

B 

Output 

9 

°3 

Q4 

Q4 

10 

Q4 

H 

Q4 

11 

Q4 

Q5 

°5 

12 

°5 

H 

Q5 

13 

°5 

°6 

Q6 

14 

Q6 

H 

15 

Q? 

0.7 

16 

Q7 

H 

Q7 

The  Am54S/74S195  shift  register  can  be  used  in  conjunction  with  one  two  input  NAND  gate  to  form  a 
divider  chain  of  any  length.  The  output  waveform  will  be  approximately  a  50%  duty  cycle.  One  shift 
register  can  be  used  to  cover  the  range  of  ^  2  through  t-  8.  Using  two  shift  registers,  the  range  of  -r  9  through 
-M6  is  covered.  If  three  shift  registers  are  used,  the  range  of  -r  17  through  *  24  is  possible;  and  so  forth. 


Figure  21.  Shift  Register  Counter  of  any  Length. 
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Am54S/74S181  in  Add  Mode. 


The  Am54S/74S174  can  be  used  as  the  accumulator  register  in  a  high-speed  digital  integrator.  The  data 
input  is  an  8-bit  two's  complement  number  while  the  data  output  is  a  16-bit  two's  complement  number. 
Provision  is  made  to  detect  integrator  overflow.  The  DC  gain  of  the  integrator  for  a  single  input  sample  is 
1 

256.  Thus,  the  transfer  function  of  this  integrator  is  given  as 


Ml 


n  =  0  256 


A  typical  application  for  such  an  integrator  is  to  smooth  a  video  signal.  For  example,  a  bipolar  analog  signal 
is  converted  to  an  eight-bit  2's  complement  representation,  via  an  A/D  converter,  passed  through  the  in- 
tegrator, and  then  reconverted  to  an  analog  signal  via  a  D/A  converter. 


Figure  22.  Digital  Integrator. 
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Quad  Two-Input,  High-Speed  Regis 


Distinctive  Characteristics 

•  Four-bit  register  accepts  data  from  one  of  two  4-bit 
input  fields. 

•  Edge  triggered  clock  action 

•  High-speed  Schottky  technology. 


100%  reliability  assurance  testing  in  compliance  with 
MlL-STD-883. 

Electrically  tested  and  optically  inspected  dice  for 
the  assemblers  of  hybrid  products. 


FUNCTIONAL  DESCRIPTION 

The  Am25S09  is  a  dual  port  high-speed,  four-bit  register 
using  advanced  Schottky  technology  to  reduce  the  effect 
of  transistor  storage  time.  The  register  consists  of  four  D 
flip-flops  with  a  buffered  common  clock,  and  a  two-input 
multiplexer  at  the  input  of  each  flip-flop.  A  common  select 
line,  S,  controls  the  four  multiplexers.  Data  on  the  four 
inputs  selected  by  the  S  line  is  stored  in  the  four  flip-flops 
at  the  clock  LOW-to-HIGH  transition.  When  the  S  input  is 
LOW,  the  DjA  input  data  will  be  stored  in  the  register. 
When  the  S  input  is  HIGH,  the  Djg  input  data  will  be 
stored  in  the  register. 


LOGIC  SYMBOL 


3       4       6       5      11      12      14  13 


Vcc  -  Pin  16 
GND  =  Pin  8 


LOGIC  DIAGRAM 

Dm  °ib 


ORDERING  INFORMATION 


Package 
Type 

Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 


Temperature 
Range 

0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°C  to  +125°C 
-55°C  to+125°C 


Order 
Number 

AM25S09PC 
AM25S09DC 
AM25S09XC 
AM25S09DM 
AM25S09FM 


Dice  -55°Cto+125°C  AM25S09XM 


CONNECTION  DIAGRAM 
Top  View 

VCC   °3   °3A  °3B  D26  D2A    02  CP 

nnnnnnnn 


16     15      14      13      12      11  10 


1       2       3       4       5       6  7 


uuuuuuuu 

s      Q0    °0A  D0B  D1B  D1A   °1  GND 


Note:  Pin  1  is  marked  for  orientation 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5  V  to  +7  V 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


-0.5  V  to  +VCC  max. 


DC  Input  Voltage 


-0.5  V  to  +5.5  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 


Am25S09XC 
Am25S09XM 

Parameters 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


■  0°C  to  +70°C 

■  -55°C  to  +  125°C 

Description 


■■  5.0V  : 
^  5.0  V  : 


5%  (COM'L) 
10%  (MIL) 


MIN.  ■ 
MINI.  ■ 


4.75  V 
4.5  V 


MAX.  =  5.25  V 
MAX.  =  5.5V 


Test  Conditions  (Note  D 


Min. 


Typ.lNote  2) 


Max. 


Units 


VOH 

Output  HIGH  Voltage 

VCC  s  MIN.,  Iqh  =  -1.0mA 
V|N  -  V|H  or  V|L 

COM'L 

2.7 

3.4 

Volts 

MIL 

2.5 

vol 

Output  LOW  Voltage 

Vcc  =  MIN.,  I0L  -  20.0mA 
VIN  »  VIH  or  V|L 

0.3 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN-.  'IN  =  -18mA 

-1.2 

Volts 

>IL 

(Note  3) 

Unit  Load 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.5  V 

-2.0 

mA 

l|H 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  2.7V 

50 

MA 

>1 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  5.5V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  4) 

VCC  =  MAX- 

-40 

-100 

mA 

'cc 

Power  Supply  Current 

VCC  =  MAX.  (Note  5) 

75 

120 

mA 

For  conditions  shown  as  MIN,  or  MAX.  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

Typical  limits  are  at  Vqq  =  5.0V,  25  C  ambient  and  maximum  loading. 

Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
Measured  with  Select  and  Clock  inputs  at  4.5V;  all  data  inputs  at  0V;  all  outputs  open. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Clock  to  Q  HIGH 

8 

12 

ns 

tPHL 

Clock  to  Q  LOW 

11.5 

17 

ns 

lpw 

Clock  Pulse  Width 

7 

ns 

«s 

Data  Set-up  Time 

VCC  =  5  °V,  CL  =  15pF,  RL  =  280SJ 

5.5 

ns 

's 

Select  Input  Set-up  Time 

10 

ns 

•h 

Data  Hold  Time 

3 

ns 

Select  Input  Hold  Time 

3 

ns 
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S 


CP 


DiB 


H  =  HIGH  Voltage  Level 

X  =  Don't  Care 

t  =  LOW-to-HIGH  Transition 


L  =  LOW  Voltage  Level 
i  =0,  1,  2,  or  3 


nput/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

S 

1 

1 

Qo 

2 



 — 

10 

"OA 

3 

1 

D0B 

4 

1 

D1B 

5 

1 

D1A 

6 

1 

~ 

Q1 

7 

20 

10 

GND 

8 

CP 

9 

1 

Q2 

10 

20 

10 

E>2A 

n 

1 

°2B 

12 

1 

°3B 

13 

1 

U3A 

1 4 

i 

Q3 

15 

20 

10 

vCC 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50 /iA  measured  at  2.7  V 
HIGH  and  -2.0  mA  measured  at  0.5  V  LOW. 


DEF  NITION  OF  FUNCTIONAL  TERMS 

DfjA.  D1A.  D2A.  D3A  The  "A"  word  into  the  two-input 
multiplexer  of  the  D  flip-flops. 

D0B-  DiB.  D2B.  D3B  The  "B"  word  into  the  two-input 
multiplexer  of  the  D  flip-flops. 

Qfj,  Qi,  Q2,  Q3    The  outputs  of  the  four  D-type  flip-flops  of 

the  register. 

S  Select.  When  the  select  is  LOW,  the  A  word  is  applied  to 
the  D  inputs  of  the  flip-flops.  When  the  select  is  HIGH  the  B 
word  is  applied  to  the  D  inputs  of  the  flip-flops. 

CP  Clock  Pulse.  Clock  pulse  for  the  register.  Enters  data  on 
the  LOW-to-HIGH  transition  of  the  clock  line. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT  , 


DRIVEN  INPUT 


— - $z 


Note:  Actual  current  flow  direction  shown 
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APPLICATIONS 


*2- 
*1- 


CLOCK  . 
LOAD/RECIRCULATE  - 
STATIC  TEST/OPERATE  " 


Am25S09  used  in  258x4  memory  system  with  load/recirculate  control,  and  1  x4  static  test  capability  for  the  system.  MOS  interface  is  one 
load  at  each  end.  This  circuit  is  especially  useful  in  digital  filtering  where  special  algorithms  require  a  static  single  step  operation  for  testing 
purposes. 


°0A  °1A  c 

2A  °3A  DOB  D18  D2B  D3B 

Am25S09 

°0 

°1             Q2  Q3 

i    i  r 


DOA  DlA  D2A  D3A  D0B  0,B  Dza  D3B 

Am25S09 


i    i    i  r 


WORD  2 


°0A  °1A  02A  °3A  dob  d,b  d?b  d3 
Am25S09 

°3 


i    i  r 

WORD  3 

Am25S09  used  to  store  a  word  from  either  data  bus  A  or  data  bus  B. 


Metallization  and  Pad  Layout 

S     1   1  i   16  Vcc 


QO  2 


15  Q3 


DIE  SIZE:  0.067"  X0.073" 


432 


Am25SlO 

Four-Bit  Shifter  With  Three-State  Outputs 


Distinctive  Characteristics 

•  Shifts  4-bits  of  data  to  0,  1,  2  or  3  places  under  con- 
trol of  two  select  lines. 

•  Three-state  outputs  for  bus  organized  systems. 


•  6.5  ns  typical  data  propagation  delay 

•  Alternate  source  is  54S/74S350 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am25S10  is  a  combinatorial  logic  circuit  that  accepts  a 
four-bit  data  word  and  shifts  the  word  0,  1,  2  or  3  places. 
The  number  of  places  to  be  shifted  is  determined  by  a  two- 
bit  select  field  So  and  Si.  An  active-LOW  enable  controls 
the  three-state  outputs.  This  feature  allows  expansion  of 
shifting  over  a  larger  number  of  places  with  one  delay. 

By  suitable  interconnection,  the  Am25S10  can  be  used  to 
shift  any  number  of  bits  any  number  of  places  up  or  down. 
Shifting  can  be  logical,  with  logic  zeroes  pulled  in  at  either 
or  both  ends  of  the  shifting  field;  arithmetic,  where  the 
sign  bit  is  repeated  during  a  shift  down;  or  end  around, 
where  the  data  word  forms  a  continuous  loop. 


LOGIC  SYMBOL 


1     2     3     4     5     6  7 


1-2  l_t    l0    l|    12  I3 


Y0         V,         Y2  Y3 


15         14         12  11 

VCC  =  Pin  16 
GND  -  Pin  8 


LOGIC  DIAGRAM 

1-1 


Sq  OE 


ORDERING  INFORMATION 


Package  Temperature 
Type  Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°Cto+125°C 
-55°C  to +1 25°C 


AM25S10PC 
AM25S10DC 
AM25S10XC 
AM25S10DM 
AM25S10FM 
AM25S10XM 


CONNECTION  DIAGRAM 
Top  View 

VCC    Y0     Yl     OE     yi     yi     sn  S 


2     Y3     b0  *! 


nnnnnnnn 


16     15      14     13      12      II      10  9 


1       2       3       4       5       6  7 


uuuuuuuu 

'-3    '-2    '-1     'O      'l      '2      '3  GND 
Note:  Pin  1  is  marked  for  orientation 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Tempi 


RATI 

ierature 


-65  C  to +150  C 


Temperature  (Ambient)  Under  Bias  

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-55  C  to +125  C 


-0.5  V  to  +7  V 
-0.5  V  to  +VCC  max. 


DC  Voltage  Applied  to  Outputs  for  High  Output  State 


DC  Input  Voltage 


-0.5  V  to  +5.5  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am25S10XC 
Am25S10XM 

Parameters 


TA  =  0  C  to  +70  C 
TA  -  -55°C  to  +125°C 

Description 


VqC  "  5-0V  ±5%  (COM'L)  MIN.  -  4.75V 

Vcc  =  5.0V  ±  10%  (MIL)  MIN. -4.5V 

Test  Conditions  (Note  D 


MAX.  ■ 
MAX.  | 

Min. 


5.25  V 
5.5  V 


Typ.lNote  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  =  MIN., 
V|N  =  VIH  °r  V|L 

XM  l0H  =  -2  mA 

2.4 

3.4 

Volts 

XC  Iqh  "  -6.5mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

VCC  =  MIN.,  I0L  =20mA 
V)N=V|HorV|L 

0.5 

Volts 

vIH 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  IIN  =  -18mA 

-1.2 

Volts 

■  1 1_ 

(Note  3) 

Unit  Load 

Input  LOW  Current 

VCC  ~  MAX.,  V|N  =  0.5  V 

-2.0 

mA 

'  IH 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  ■  2.7V 

50 

MA 

io 

Off  State  (High  Impedance) 
Output  Current 

VCC  =  MAX. 

V0  =  2.4V 

50 

ma 

V0  -  0.5V 

-50 

•l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5  V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  4) 

Vcc  "  MAX.,  VoUT  "  0.0  V 

-40 

-100 

mA 

•cc 

Power  Supply  Current 

Vcc  =  MAX.,  All  outputs  open. 
All  inputs  =  GND 

60 

85 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Actua   input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

'PLH 

•  Data  Input  to  Output 

5 

7.5 

ns 

'PHL 

8 

12 

'PLH 

Select  to  Output 

VCC  -  5.0V,  CL  -  15pF,  RL  -  280JJ 

11 

17 

ns 

«PHL 

13 

20 

«ZH 

Output  Control  OE  to  Output 

19.5 

*ZL 

21 

ns 

*HZ 

Output  Control  OE  to  Output 

VCC  =  5V,  CL  =  5pF,  RL  =  280S2 

5 

8 

ns 

«LZ 

10 

15 
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the  high  impedance  state.  When  the  enable  is  LOW,  the  selected 
1 1  inputs  are  present  at  the  outputs. 

So,  Si  Select  inputs.  Controls  the  number  of  places  the  inputs 
are  shifted. 

Yj   The  four  outputs  of  the  shifter. 

LOADING  RULES  (In  Unit  Loads) 


Input/Output      Pin  No.'s 


Input 
Unit  Load 
(Note  1 ) 


Fan-out 
Output  Output 
HIGH  LOW 
XM  XC 


1 


I -2 


1.5 


1.5 


1.5 


1.5 


•3 


So 


10 


Y3 


40  130 


Y2 


12 


40  130 


OE 


13 


40  130 


10 


10 


15 


40  130 


10 


cc 


16 


A  Schottky  TTL  Unit  Load  is  defined  as  50  measured  at  2.7  V 
HIGH  and  -2.0mA  measured  at  0.5  V  LOW. 

Note:  1.  The  fan-in  on  1  __2 ,  !-_-],  In,,  'l  an^  '2  wi"  not  exceed  1.5 
Unit  Loads  when  measured  at  V|  |_  =  0.5  V.  As  V|  |_  is  decreased  to 
0  V,  the  input  current  I|l  MAX.  increases  to  —4,  —6,  —8,  —6  and 
—4  mA  respectively  due  to  the  decrease  in  current  sharing  with  the 
internal  select  buffer  outputs. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


Data  to  Output 
(Typical) 


-75  -  50  -25    0     2  5    50    75   100  125 
TA  -  AMBIENT  TEMPERATURE  -  "C 


Select  to  Output 
(Typical) 


w  13.0 


IP 

H, 

-75  -  50  -25   0     25    50    75   100  125 
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LOGIC  EQUATIONS 

Y0  -  S0  Si  l0  +  S0  Si  1.1  +  S0  St  I-2  +  So  St  L3 

Y1  =  5q  Si  li  +  Sq  Si  Iq  +  Sq  Si  I_1  +  So  Si  I-2 

Y2  =  So  Si  I2  +  S0S~1  I,  +S0S!  I0  +  S0  Si  L-| 

Y3-  SoSi  l3+S0^1  l2  +5QS!  h  +S0S1  l0 


Note:  For  additional  information. 
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TRUTH  TABLE 
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L 
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X 

X 

DO 

D-1 

D-2 

D^3 

DO 

D-1 

D-2 

D-3 

H  =  HIGH  X  =  Don't  Care 

L  =  LOW  Z  -  High  Impedance  State 

Dn  at  input  ln  may  be  either  HIGH  or  LOW  and  output  Ym  will 
follow  the  selected  Dn  input  level. 
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APPLICATIONS 
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Am25S10 
FOUR-BIT  SHIFTER 

By  John  R.  Mick 


INTRODUCTION 

The  Am25S10  is  a  high-speed  MSI  combinatorial  logic  block 
built  using  advanced  Schottky  technology.  The  device  has  the 
ability  to  shift  four  bits  of  data  0,  1,  2  or  3  places.  The 
Am25S10  has  two  select  lines  that  are  decoded  internally  to 
determine  the  number  of  places  the  data  is  shifted.  The  de- 
vice has  seven  data  inputs  l_3,  l_2,  I— 1,  In.  h,  ^2,  ar|d  '3 
and  4  three-state  data  outputs  Y0,  Yj,  Y2,  and  Y3  as  shown 
in  the  logic  symbol  diagram  of  Figure  1.  The  three-state  out- 
puts allow  several  devices  to  be  bus  organized  for  shifts  of 
more  than  three  places  with  a  single  level  device  propagation 
delay  time.  The  three-state  outputs  are  controlled  by  a  single 
buffered  active-LOW  output  control  OE.  When  the  output 
control  is  LOW,  the  data  outputs  will  follow  the  selected  data 
inputs.  When  the  output  control  is  HIGH,  the  data  outputs 
offer  a  high-impedance  to  the  data  bus. 


one-bit  shifts  of  the  input  data  word.  The  logic  diagram  of 
Figure  2  shows  the  internal  connection  of  each  multiplexer 
with  respect  to  the  seven  data  inputs.  Because  of  this  internal 
connection  scheme,  several  devices  can  be  connected  to  per- 
form shifts  of  0,  1,  2,  or  3  places  on  words  of  any  length. 


FUNCTIONAL  DESCRIPTION 

The  logic  equations  describing  the  output  shifting  capability 
of  the  Am25S10  when  the  output  control  is  LOW  are: 

Y0  =  S0  S,  I0  +  S0  S,   l_!  +  S0  S,  l_2  +  S0  S,  l_3 

Yt  =S"o  St   h  +  S0  St   I0     +  So  S,   1-1  +  S0  S,  l_2 

Y2  =  S0  S,   l2  +  S0  §!  h     +  S0  St  l0     +  S0  Si  1-1 

Y3  =  S0  S,   I3  +  S0  §!   I2     +  S0  St  h     +  S0  S,  l0 


From  these  equations  it  is  seen  that  each  output  is  op- 
erationally equivalent  to  a  four-input  multiplexer  with  the 
inputs  connected  such  that  the  select  code  generates  successive 


1  2 

I  I 

3     4  5 
l      l  l 

6  7 

I  I 

1-3  '-2  '-1   '0  'T 

S| 

'2  l3 

So 

Am25S10 

OE 

Yl  Y2 

*3 

| 

IS 

14  12 

11 

vcc 

GND 

=  Pin  16 
=  Pin  8 

VCC    Y0     V,     OE     Y2     Y3     So  S, 

n  n  n  n  n  n 


IS     14     13      12     11  10 

An.25S10  ' 


u  u  u  u  u  u 

1-3     1-2      1-1      lo       M       '2      '3  OND 


Note:   Pin  1  is  marked  for  orientation 


Figure  1.    Logic  Symbol  and  Connection  Diagram. 
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The  operation  of  the  Am25S10  is  pictorially  depicted  in 
Figure  3.  Here,  the  four  shift  positions  of  the  data  outputs 
with  respect  to  the  data  inputs  are  shown  via  the  dashed  lines 
for  the  four  possible  select  codes.  Figure  4  shows  a  similiar 
operation  only  the  notation  now  represents  a  seven-bit  input 
word  A0  through  A6.  The  output  code  for  each  of  the  select 
field  combinations  applied  to  the  Srj  and  Si  inputs  is  shown 
in  the  accompanying  Function  Table.  In  addition,  the  four 
outputs  Y0  through  Y3  can  be  forced  to  the  high-impedance 
state  by  applying  a  HIGH  to  the  "output  control"  input.  This 
allows  additional  shifters  to  be  cascaded  on  the  same  output 
lines,  or  the  shifter  array  to  be  connected  to  a  common  data  bus. 


-3  '-2  '-1  '0    'l    '3  '3 


n 


'-J      2   -1    'U  '1 


-3  '-2  '-1  'o    '1    '2  '3 

1<  I.  ie  I, 


//II 
/  /  I 
/  '  I 
/       /  I 


f  f  K> 

Y0         V1         v2  Y3 


So=H- 
S,  ■  L- 


/  /  i  \ 
/  /  i  \ 
1    i    l  \ 


2    13    14  IS 


/  I  \  \ 
/  I  »  \ 
(        f     .\  \ 


Y0  vl  Y2  Y3 
'-3  '-2  '-1  '0    'l    '2  >3 


i  \  \  \ 
i  \  \ 


Figure  3.   The  Four  Shift  Positions  of  the  Am25S10. 
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Figure  4.   The  Am25S10  4-Bit  Shifter  Operation. 


INPUT  LOADING 

The  logic  diagram  of  Figure  2  shows  the  input  connection 
scheme  for  the  seven  data  inputs  of  the  Am25S10.  Table  I 
shows  the  number  of  multiplexer  inputs  connected  to  each 
data  input  as  well  as  the  expected  an  actual  Unit  Load 
weighting  on  each  input. 

TABLE  I 


Number  of 

Expected 

Actual 

Pin 

Data 

Multiplexer  Inputs 

Unit 

Unit 

# 

Input 

Connected 

Loads 

Loads 

1 

I-3 

1 

1 

1 

2 

«-2 

2 

2 

1.5 

3 

1-1 

3 

3 

1.5 

4 

!o 

4 

4 

1.5 

5 

h 

3 

3 

1.5 

6 

h 

2 

2 

1.5 

7 

'3 

1 

1 

1 

Since  the  number  of  gate  inputs  for  l_2,  I— i.  In/  h  and  I2 
data  inputs  is  2,  3,  4,  3,  and  2  respectively,  this  could  be  ex- 
pected to  be  the  unit  load  fan-in  for  these  data  inputs.  How- 
ever, l|L  current  sharing  occurs  internally  with  the  select 
buffer  outputs  to  reduce  the  external  fan-in.  Since  a  Schottky 
TTL  unit  load  is  defined  as  -2.0mA  measured  at  0.5V  LOW, 
the  maximum  l|L  when  measured  at  V|L  =  0.5V  is  -3mA  or 
1.5  STTL  unit  loads.  As  the  measure  voltage  V|L  on  these  data 
inputs  is  decreased  to  0V,  the  measured  input  current  on  l_2, 
l_l ,  In,  h ,  and  l2  can  increase  to  an  l|L  maximum  of  —4,  —6, 
—8,  —6  and  —4  mA  respectively  because  of  the  decrease  in 
current  sharing  with  the  internal  select  buffer  outputs. 

A  plot  of  the  typical  input  voltage  versus  input  current  for  the 
data  inputs  is  shown  in  Figure  5.  This  Figure  shows  the  in- 
creased input  current  flow  (negative  current)  as  the  input 
voltage  is  decreased.  It  also  shows  the  effect  of  the  input 
clamp  diode  as  forward  bias  in  applied. 
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Figure  5.   Typical  Input  Current  Characteristics. 
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LOGIC  EQUIVALENTS  OF  THE  Am25S10 

The  Am25S10  exhibits  several  symmetrical  properties  that 
may  be  of  advantage  in  some  designs.  These  symmetrical 
properties  involve  the  labeling  of  the  inputs  and  outputs  and 
the  polarity  of  the  select  inputs.  By  relabeling  the  inputs  in 
reverse  order,  labeling  the  outputs  in  reverse  order,  and  con- 
sidering the  select  inputs  in  positive  logic  (active-HIGH)  or 
negative  logic  (active-LOW),  eight  logic  equivalents  for  the  de- 
vice are  possible.  Figure  6  shows  the  operation  of  the  device 
for  the  four  combinations  of  input  and  output  definitions  for 


the  positive  logic  notation  while  Figure  7  shows  the  operation 
of  the  device  for  the  four  combinations  for  the  negative  logic 
notation.  The  logic  symbol  for  each  set  of  definitions  for  the 
input  pins  and  output  pins  is  shown  adjacent  to  the  truth  table. 

This  relabeling  of  pins  can  provide  the  designer  with  some 
flexibility  in  printed  circuit  board  layout.  Likewise,  the  select 
code  can  be  either  positive  logic  or  negative  logic  and  the  in- 
put data  will  be  passed  non-inverted.  In  some  cases,  the  re- 
definition allows  the  designer  to  visualize  shifting  up  versus 
shifting  down  for  the  same  select  code. 
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Figure  6.    Four  Possible  Input  and  Output  Combinations  for  the  Positive  Logic  Definition. 
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Figure  7.    Four  Possible  Input  and  Output  Combinations  for  the  Negative  Logic  Definition. 
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Am25S10  APPLICATIONS 

The  four-bit  shifter  is  an  ideal  MSI  element  for  high-speed 
shifting  and  scaling  in  digital  systems.  By  suitable  inter- 
connection of  the  inputs  and  outputs,  shifts  of  any  number 
of  places  up  or  down  can  be  made  with  a  propagation  delay 
of  only  one  device.  Shifting  can  be  logical,  with  zeroes  pulled 
in  at  either  or  both  ends  of  the  shifting  field;  arithmetic, 
where  the  sign  bit  is  repeated  during  a  shift  down;  or  end 
around,  where  the  data  word  forms  a  continuous  loop.  The 
three-state  outputs  can  be  used  to  increase  the  number  of 
places  shifted  and  also  facilitate  rapid  data  bus  access  in  bus 
organized  systems. 

The  Connection  Diagram  and  Function  Table  of  Figure  8  show 
a  16-b  t  word  shifted  up  0,  1,  2  or  3  places.  In  this  example, 
the  most  significant  bits  (At 3,  A14,  A-|5)  are  discarded  and 
logic  zeroes  are  shifted  in  at  the  least  significant  end. 


Figure  9  shows  a  Connection  Diagram  and  Function  Table  for 
a  1 2-bit  word  shifted  down  0,  1,  2  or  3  places.  In  this  example, 
zeroes  are  shifted  into  the  most  significant  bits  and  the  least 
significant  bits  are  discarded.  Notice  that  one  of  the  alternate 
definitions  and  pin  assignments  has  been  used  to  define  the 
Am25S10. 

A  complete  end-around  barrel  shift  of  0,  1,  2,  3,  4,  5,  6  or  7 
places  is  shown  in  Figure  10.  In  this  configuration,  the  three- 
state  capability  of  the  outputs  is  used  to  connect  one  of  two 
Am25S10's  to  the  data  output  under  the  control  of  the  S2  and 


S2  select  inputs.  This  technique  can  be  expanded  for  longer 
word  lengths  by  using  one-of-four  or  one-of-eight  decoders  to 
control  the  active- LOW  "output  control"  input. 


A  13-bit  two's  complement  scaler  is  shown  in  Figure  11.  For 
this  connection,  the  sign  bit  is  pulled  in  at  the  most  significant 
end  and  the  least  significant  bits  are  truncated.  Thus,  the  13- 
bit  two's  complement  binary  output  number  is  scaled  to  1, 
1/2,  1/4,  or  1/8  of  its  input  value. 


A  two-level  16-bit  barrel  shifter  and  its  associated  Function 
Table  are  shown  in  Figure  12.  Only  eight  Am25S10's  are  re- 
quired to  perform  this  function.  For  clarity,  the  intermediate 
level  of  inputs  and  outputs  have  been  labeled  Bj.  The  sixteen- 
bit  mjtput  word  can  be  bus  connected  and  controlled  via 
the  OE  input. 

Figure  13  demonstrates  a  unique  way  to  convert  a  fixed  point 
positive  number  to  a  floating-point  mantisa  and  exponent.  The 
priority  encoder  is  used  to  determine  the  most  significant  bit 
position  of  the  input  word  with  a  binary  "1".  The  priority 
encoder  output  is  a  binary  weighted  code  representing  the 
number  of  places  the  input  word  is  to  be  shifted  up.  This  code 
controls  the  Am25S10  shifting  array  and  shifts  the  input 
word  such  that  the  Y7-bit  of  the  mantisa  is  always  a  binary 
one  (except  for  A  =  0).  The  exponent  is  of  the  form  2~n  where 
n  is  the  value  of  the  binary  weighted  code  from  the  priority 
encoder.  Thus,  the  output  of  this  functional  block  is  of  the 
form  Y2-". 
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Figure  8.    16-Bit  Shift-Up  0,  1,  2  or  3  Places. 
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Figure  9.    12-Bit  Shift-Down  0,  1,  2  or  3  Places. 
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Figure  10.    Eight-Bit  End  Around  Shift  0,  1,  2,  3,  4,  5,  6  or  7  Places. 
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Figure  11.    13-Bit  2's  Complement  Scaler. 


AD  A,   A?  A3 


A4  A5  Ag  A7 


FUNCTION  TABLE 


A0  A,  A2  A3  A4  A5  A6  A7 
1 1 0  111  |l2  jl3  |l    I2  b 


|— ^-0  Et 


'0    'l    l2    '3    '4    '5    '6  '7 


EO        AQ  At  A2 


"9  7 

Tl5  £ 

ft 


EXPONEMT 

MANTISSA 

s2 

Si 

s0 

Y0 

Y1 

Y2 

Y3 

Y4 

Y5 

Y6 

Y7 

0 

0 

0 

A0 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

0 

0 

1 

0 

A0 

Al 

A2 

A3 

A4 

A5 

A6 

0 

1 

0 

0 

0 

A0 

A1 

A2 

A3 

A4 

A5 

0 

1 

1 

0 

0 

0 

A0 

Al 

A2 

A3 

A4 

1 

0 

0 

0 

0 

0 

0 

A0 

Al 

A2 

A3 

1 

0 

1 

0 

0 

0 

0 

0 

A0 

Al 

A2 

1 

1 

0 

0 

0 

0 

0 

0 

0 

A0 

Al 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

A0 

Positive  Logic 


Figure  13.  Binary  Scaling  to  Give  Mantissa  and  Exponent. 
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Figure  12.    Full  16-Bit  Barrel  Shifter. 
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four-b  t  shifters  and  high-speed  adders,  very  high-speed  "con- 
stant coefficient"  or  fixed  multipliers  can  be  built.  The  tech- 
nique 's  shown  diagrammatically  in  Figure  14.  Here,  the  input 
word  C  is  wired  to  the  adder  A  inputs  such  that  a  shift  of 
jC  is  "built-in".  The  Am25S10  shifter  is  wired  to  the  B  in- 
puts of  the  adder  such  that  its  four  select  states  represent  pre- 
scaling  of-i-C, -i-C,  i  C,  and  of  the  C  input  word.  If  the 
OE  input  is  used  to  disable  the  outputs  (high  impedance),  the 
adder  B  inputs  will  assume  the  logical  one  state  (HIGH).  By 
adding  a  "one"  at  the  adder  carry  input  least  significant  end, 
the  contribution  of  the  B  inputs  to  the  sum  output  is  zero  and 
the  adder  A  input  will  be  passed  to  the  output.  Thus,  the  OE 
input  can  be  used  to  generate  a  zero  C  value  from  the  shifter. 

Figure  15  shows  the  actual  connection  diagram  for  a  12-bit 
two's  complement  fixed  multiplier  using  the  scheme  of  Figure 
14.  The  Y  output  weighting  is  the  same  as  shown  in  the 


Figure  16  shows  two  shifter  arrays  used  in  conjunction  with 
one  adder.  For  the  shifter  A  and  shifter  B  select  codes  shown, 
twenty  multiplication  constants  are  realized  with  seventeen 
constants  being  unique.  Other  combinations  could  be  used  to 
realize  different  outputs.  The  combinations  possible  can  be 
extended  greatly  by  using  multiple  adders  and  multiple  shift- 
ing arrays.  For  the  example  of  Figure  16,  the  zero  shifter  out- 
put (high-impedance  state)  is  used  with  only  one  shifter  since 
only  one  Cn  input  is  available. 

This  technique  for  fixed  constant  multipliers  can  be  applied 
to  two's  complement,  one's  complement,  sign-magnitude,  or 
magnitude  only  arithmetic.  In  so  doing,  the  sign  must  be 
handled  appropriately  and  the  adder  output  word  size  and 
number  range  must  be  considered.  For  the  one's  complement 
case,  the  all  ones  representation  for  zero  must  be  handled 
separately. 
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Figure  14.   Parallel  "Constant  Coefficient"  Multiplier  Block  Diagram  and  Function  Table. 
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Figure  15.    12-Bit  2's  Complement  "Constant  Coefficient"  Multiplier. 
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CONCLUSION 


The  Am25S10  four-bit  shifter  is  a  new  unique  combinatorial 
logic  element  offering  the  system  designer  new  shifting  and 
scaling  capability  not  previously  available  in  a  single  package. 


Figure  16.   Two  Shifter  Arrays  and  One  Adder  Array  in  a  Fixed  Multiplier  Connection. 


The  three-state  output  design  of  the  Am25S10  provides  in- 
creased flexibility  in  its  use  and  the  advanced  Schottky  con- 
struction offers  minimum  propagation  delay.  The  device  can  be 
used  to  shift  any  number  of  bits  any  number  of  places;  up, 
down  or  end-around. 
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Quad  D  Register  With  Standard  And  Three-State  Outputs 


Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  Four  D-type  flip-flops 

•  Four  standard  totem-pole  outputs 


•  Four  three-state  outputs 

•  75  MHz  clock  frequency 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am25S18  consists  of  four  D-type  flip-flops  with  a  buffered 
common  clock.  Information  meeting  the  set-up  and  hold 
requirements  on  the  D  inputs  is  transferred  to  the  Q  outputs 
on  the  LOW-to-HIGH  transition  of  the  clock. 

The  same  data  as  on  the  Q  outputs  is  enabled  at  the  three- 
state  Y  outputs  when  the  "output  control"  (OE)  input  is  LOW. 
When  the  OE  input  is  HIGH,  the  Y  outputs  are  in  the  high- 
impedance  state. 

The  Am25S18  is  a  4-bit,  high  speed  Schottky  register  intended 
for  use  in  real-time  signal  processing  systems  where  the 
standard  outputs  are  used  in  a  recursive  algorithm  and  the 
three  state  outputs  provide  access  to  a  data  bus  to  dump  the 
results  after  a  number  of  iterations. 

The  device  can  also  be  used  as  an  address  register  or  status 
register  in  computers  or  computer  peripherals. 

Likewise,  the  Am25S18  is  also  useful  in  certain  display  appli- 
cations where  the  standard  outputs  can  be  decoded  to  drive 
LED's  (or  equivalent)  and  the  three-state  outputs  are  bus 
organized  for  occasional  interrogation  of  the  data  as  displayed. 


ORDERING  INFORMATION 


Package  Temperature 
Type  Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°  C 
-55°C  to  +125°C 
-55°Cto+125°C 
-55°Cto+125°C 


AM25S18PC 
AM25S18DC 
AM25S18XC 
AM25S18DM 
AM25S18FM 
AM25S18XM 


LOGIC  DIAGRAM 
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Note:  Pin  1  is  marked  for  orientation. 
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GND  -  Pin  8 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Am25S18 


Storage  Temperature 


-65°Cto+150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5V  to  +7V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +5.5V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input  Current 


-30mA  to  +5. 0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

TA  -  0°C  to  +70°C  Vcc  =  5.0V  ±  5%  (COM'L)  MINI.  =  4.75V  MAX.  =  5.25V 

TA  -  -55°C  to  +125°C  Vcc  =  5.0V  ±  10%  (MIL)  MIN.  -4.5V  MAX.  -5.5V 


Am25S18XC 
Am25S18XM 


Parameters 


Description 


Test  Conditions  (Note  1) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  *  MIN., 
V|N  "  VIH  °r  VIL 

Q   Iqh  1  mA 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

Y 

XM,  l0H  "  -2mA 

2.4 

3.4 

XC,  Iqh  =  -6.5mA 

2.4 

3.2 

vol 

Output  LOW  Voltage  (Note  6) 

Vcc=  MIN.,  Iql  -  20mA 
V|N-V|HorV|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

Vcc  -  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

'  1 1_ 

(Note  3) 

Input  LOW  Current 

VCC  *  MAX.,  V,N  =  0.5V 

-2.0 

mA 

>IM 

(Note  3) 

Input  HIGH  Current 

Vcc  "  MAX.,  V|N  =  2.7V 

50 

MA 

l| 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5V 

1.0 

mA 

'o 

Y  Output  Off -State 
Leakage  Current 

Vcc  "  MAX- 

Vq  =  2.4V 

50 

M 

V0  =0.4V 

-50 

!SC 

Output  Short  CircuFt  Current 
(Note  4) 

VcC  *  MAX- 

-40 

-100 

mA 

!CC 

Power  Supply  Current 

VCC  -  MAX.  (Note  5) 

SO 

130 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  TA  =  25°C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (see  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  shoud  not  exceed  one  second. 

5.  Ice  is  measured  with  all  inputs  at  4.5V  and  all  outputs  open. 

6.  Measured  on  Q  outputs  with  Y  outputs  open.  Measured  on  Y  outputs  with  Q  outputs  open. 

acteristics  (Ta  =  +25°Cf  Vcc  =  5.0V,  R|_  =  280£2) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Clock  to  Q  Output 

6.0 

9.0 

ns 

'PHL 

8.5 

13 

lpw 

Clock  Pulse  Width 

HIGH 

7.0 

ns 

LOW 

9.0 

*s 

Data 

CL  =  15pF 

5.0 

ns 

'h 

Data 

3.0 

ns 

tPLH 

Clock  to  Y  Output 

6.0 

9.0 

ns 

tPHL 

(OE  LOW) 

8.5 

13 

«ZH 

CL  =  15pF 

12.5 

19 

«ZL 

Output  Control  to  Output 

12 

18 

ns 

'HZ 

CL  =5.0pF 

4.0 

6.0 

«LZ 

7.0 

10.5 

'max 

Maximum  Clock  Frequency 

CL  = 15pF 

75 

100 

MHz 
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TRUTH  TABLE 


INPUTS 

OUTPUTS 

CLOCK 

NOTES 

OE 

CP 

Q 

Q 

Y 

H 

L 

X 

NC 

Z 

H 

H 

X 

NC 

Z 

H 

t 

L 

L 

z 

H 

t 

H 

H 

z 

L 

t 

L 

L 

L 

L 

t 

H 

H 

H 

L 

L 

L 

1 

L 

~ 

H 

H 

1 

L  -  LOW 
H  =  HIGH 
X  =  Don't  care 


NC  -No  change 
t  =  LOW  to  HIGH  transition 
Z  =  High  impedance 

Note:  1 .    When  OE  is  LOW,  the  Y  output  will  be  in  the  same  logic 
state  as  ths  Q  output. 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj  The  four  data  inputs  to  the  register. 
Qj  The  four  data  outputs  of  the  register  with  standard 
totem-pole  active  pull-up  outputs.  Data  is  passed  non- 
inverted. 

Yj  The  four  three-state  data  outputs  of  the  register.  When 
the  three-state  outputs  are  enabled,  data  is  passed  non- 
inverted.  A  HIGH  on  the  "output  control"  input  forces  the 
Yj  outputs  to  the  high-impedance  state. 
CP  Clock.  The  buffered  common  clock  for  the  register. 
Enters  data  on  the  LOW-to-HIGH  transition. 
OE  Output  Control.  When  the  OE  input  is  HIGHjihe  Yi 
outputs  are  in  the  high-impedance  state.  When  the  OE  input 
is  LOW,  the  TRUE  register  data  is  present  at  the  Yj  outputs. 


RULES  (In  Unit  Loads) 

Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

1 

1 

- 

- 

°o 

2 

— 

20 

10* 

Y0 

3 

- 

40/130 

10* 

°1 

4 

1 

- 

- 

0-1 

5 

_ 

20 

10* 

Y1 

6 

- 

40/130 

10* 

Of 

7 

1 

- 

- 

GND 

8 

- 

- 

- 

CP 

9 

1 

- 

- 

Y2 

10 

- 

40/130 

10* 

Q2 

11 

20 

10* 

D2 

12 

1 

Y3 

13 

40/130 

10* 

Q3 

14 

20 

10* 

°3 

15 

1 

- 

vCc 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50jUA  measured  at  2.7V 
HIGH  and  -2.0mA  measured  at  0.5V  LOW. 

•Fan-out  on  each  Qj  and  Yj  output  pair  should  not  exceed  1  5  unit 
loads  (30mA)  for  i  =  0,  1 ,  2,  3. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Note:  Actual  current  flow  direction  shown. 
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Am25S18 
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THE  Am25S18  USED  AS  DISPLAY  REGISTER  WITH  BUS  INTERROGATE  CAPABILITY. 


:  y3  o 


D0     CP  Qq 


CP  % 

D,  Q, 
°2     „  Q2 


THE  Am25S18  AS  A  VARIABLE  LENGTH  (1,  2,  3  or  4  WORD)  SHIFT  REGISTER. 


Metallization  and  Pad  Layout 


I  r 


-15  D3 


°3 


12  D2 
11  02 
10  V, 


DIE  SIZE 
0.077"  X  0.079" 


Distinctive  Characteristics 

•  Advanced  Schottky  technology  with  PNP  inputs 

•  Retriggerable  0%  to  100%  duty  cycle 

•  28ns  to  °°  output  pulse  width  range 

•  100k£2  maximum  timing  resistor  value 



•  Am26S02XM  typical  pulse  width  change  of  only 
1.0%  over  -55°Cto+125°Cwith  Rx=  100kft. 

•  Am26S02XC  typical  pulse  width  change  of  only  0.4% 
over  0°C  to  +70°C  with  Rx  =  100kft 


FUNCTIONAL 

The  Am26S02  is  a  dual  DC  level  sensitive,  retriggerable, 
resettable  monostable  multivibrator  built  using  advanced 
Schottky  technology.  The  output  pulse  duration  and  ac- 
curacy depend  on  the  external  tinning  components  of  each 
multivibrator.  The  Am26S02  features  PNP  inputs  to  reduce 
the  input  loading. 

Provision  is  made  on  each  multivibrator  circuit  for  triggering 
the  PNP  inputs  on  either  the  rising  or  falling  edge  of  an 
input  signal  by  including  an  inverting  and  non-inverting 
trigger  input.  These  PNP  inputs  are  DC  coupled  making 
triggering  independent  of  the  input  rise  or  fall  time.  Each 
time  the  monostable  trigger  input  is  activated  from  the  OR 


DESCRIPTION 

trigger  gate,  full  pulse  length  triggering  occurs  independent 
of  the  present  state  of  the  monostable. 

The  direct  clear  PNP  input  allows  a  timing  cycle  to  be 
terminated  at  any  time  during  the  cycle.  A  LOW  on  the 
clear  input  forces  the  Q  output  LOW  regardless  of  the 
l0  or  1 1  inputs. 

The  Am26S02XIVI  has  a  typical  pulse  width  change  of  only 
1.0%  over  the  full  military  —  55° C  to  +125°C  temperature 
range  and  the  Am26S02XC  has  a  typical  pulse  width  change 
of  only  0.4%  over  the  commercial  0°C  to  +70°C  tempera- 
ture range  with  a  Rx  =  100k£2. 


SCHEMATIC  DIAGRAM 
(One  Monostable  Multivibrator  i 


ORDERING  INFORMATION 


Package  Temperature 
Type  Range 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +  70  C 
0°C  to  +  70°C 
0°C  to  +  70°C 
-55°Cto+125°C 
-55°C  to+125°C 
-55°  C  to  +125°C 


Order 
Number 

AM26S02PC 
AM26S02DC 
AM26S02XC 
AM26S02DM 
AM26S02FM 
AM26S02XM 


L 


LOGIC  SYMBOLS 


SO 


|— 1|  j  ^  w» — ova 


Vcc  =  Pin  16 

GND  =  Pin  8 


CONNECTION  DIAGRAM 

vcc  cx  Rx/Cx        h     'o     0  5 

nnnnnnnn 

16     15     14     13     12     11     10  9 


UULJUUUUU 

Cx  Rx/Cx  I,      10      Q      0"  GND 


Note: 

Pin  1  is  marked 
for  orientation. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 


-65°Cto+150°C 


Temperature  (Ambient)  Under  Bias 


-55  C  to +125  C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5  V  to  +7  V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5  V  to  +VCc  max. 


DC  Input  Voltage 


-0.5  V  to  +5.5  V 


DC  Output  Current,  Into  Outputs 


30  mA 


DC  Input  Current 


-30  mA  to  +5.0  mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am26S02XC 
Am26S02XM 

Parameters 


rA  =  o  c  to  +70  c 

rA  -  -55°C  to  +125°C 

Description 


vCc  = 
vcc  = 


5.0  V  ±5%  (COM'U 
5.0  V  ±10%  (MIL) 


Ml N.  =  4.75  V 
Ml N.  -  4.5  V 


MAX.  ■ 
MAX.  : 


5.25  V 
5.5  V 


Test  Conditions  (Note  D 


Min. 


Typ.lNote  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vqc  =  MIN.  'OH  =  -2mA 
VIN  =  V|H  or  V|L 

2,5 

2.8 

Volts 

vol 

Output  LOW  Voltage 

VCC  =  MIN-  iOL  "  20mA 
V|N  =  V|H  or  V|L 

0.38 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW  voltage 
for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  ■  IIM  "  -18mA 

-0.8 

-1.2 

Volts 

Ml 

(Note  3) 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =  0.5V 

-0.15 

-0.4 

mA 

■  !H 

(Note  3) 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  -  2.7V 

0.1 

20 

fA 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5V 

1.0 

mA 

<sc 

Output  Short  Circuit  Current 
(Note  4) 

VcC  =  MAX.,  VouT  =  1-0V 
Ta  =  25°C  Only 

-8 

-15 

-35 

mA 

'cc 

Power  Supply  Current 

VCC  =  5.0  V,  1 1  x  =  0.33  mA  (Notes  5  &  6) 

48 

69 

mA 

Notes:  1.  For  conditions  shown  as  MIISI.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VcC  =  5.0  V,  25  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Iqc  is  measured  with  pin  5  and  11  grounded  and  1 1  x  applied  to  pins  2  and  14. 

6.  1 1  x  is  the  current  into  the  Rx  Cx  node  to  simulate  Rx. 


Switching  Characteristics  {Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

'PLH 

Trj  to  Q 

13 

20 

ns 

*PHL 

Irj  to  Q 

15 

23 

ns 

tPLH 

It  to  Q 

12 

20 

ns 

«PHL 

l!  toQ 

12 

20 

ns 

•PLH 

Clear  to  Q 

VCC  =  5  0  V,  Rl  *  28012,  CL  =  15pF, 
Rx  =  5k«,  Cx  =  0  pF 

21 

ns 

'PHL 

Clear  to  Q 

9 

13 

ns 

l0  HIGH  or  I-,  LOW 

20 

10 

ns 

*pw 

Pulse  Width 

l0  LOW  or  l-|  HIGH 

16 

7 

ns 

Clear  LOW 

24 

16 

ns 

«s 

Clear  Recovery  (inactive)  to  Trigger 

-10 

-22 

ns 

(Min.) 

Minimum  Pulse  Width  Q  Output 

VCC  =  5.0  V,  Rx  =  5.0  kfi.  Cx  =  0  pF 
RL  =  1.0  kU 

27 

33 

39 

ns 

•pwQ 

Pulse  Width  Q  Output 

VCC  ■  5  0  V,  RL  =  280  n,  CL  =  15  pF 
Rx  =  10  Ml,  CX  =  1000  pF  (CK05  Type) 

2.89 

3.04 

3.19 

^s 

Rx 

Timing  Resistor 

0°C  to  70°  C 

5 

100 

kSl 

-55°Cto+125°C 

5 

50 
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DEFINITION  OF  FUNCTIONAL  TERMS: 

Cq    Asynchronous  direct  CLEAR.  A  LOW  on  the  clear  in- 
put resets  the  monostable  regardless  of  the  other  inputs. 
T0      Active-LOW  input.  With  I,  LOW,  a  HIGH-to-LOW 
transition  will  trigger  the  monostable. 
)a      Active-HIGH  input.  With  TQ  HIGH,  a  LOW-to-HIGH 
transition  will  trigger  the  monostable. 
Q      The  TRUE  monostable  output. 
Q      The  Complement  monostable  output. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

cD 

'1 

'o 

Q 

Q 

L 

X 

X 

L 

H 

H 

H 

X 

L 

H 

H 

L 

4 

J~L 

i_r 

H 

X 

L 

L 

H 

» 

H 

-TL 

H   =  HIGH 

L    =  LOW 

f    =  LOW-to-HIGH  Transition 

1    =  HIGH-to-LOW  Transition 

J~L  =  LOW-HIGH-LOW  Pulse 

~l_T  =  HIGH-LOW-HIGH  Pulse 

X   =  Don't  Care 


LOADING  RULES  (In  Unit  Loads) 

Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 

LJ  1  /**  Ul 

Output 

Cx 

Mono  1  1 

- 

- 

- 

Rx/Cx 

2 

- 

- 

- 

cD 

3 

0.4 

- 

— 

'1 

4 

0.4 

— 

r0 

5 

0.4 

— 

Q 

6 

— 

10 

Q 

7 

40 

10 

GND 

S 

— 

— 

— 

Q 

Mono  2  9 

40 

10 

Q 

10 

40 

10 

To 

11 

h 

12 

':  4 

cD 

13 

0.4 

Rx/Cx 

14 

cx  I 

15 

vCC 

16 

A  Schottky  TTL 

Unit  Load  i 

defined  as  50mA  measured  at  2.7V 

HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


Typical  Normalized 
Output  Pulse  Width 
Versus  Case  Temperature 


o 
3 


1 


c> 

C  " 

=  1 

5.0 
000 

( 

pF 

fl 

x  = 

100 

/ 

<.Zl 

y 

10 

«i2 

-60      -20  0  20 


Normalized  Output  Pulse  Width 
Versus  Operating  Duty  Cycle 

1.02  1  1  1  


tj  1.00 


Cx  =  1000pF 


10  20  30  40  50  60  70  80  90  100 
OPERATING  DUTY  CYCLE  -  % 


1.04 
1.03 
1.02 


0.96 
0.95 
0.94 


Typical  Normalized 
Output  Pulse  Width 
Versus  Supply  Voltage 


■  TA  =  25" 
Rx  =  10 

c 

n 

-  1 00 

OpF 

0  4.5  5.0  5.5  6.0 

Vcc  -  SUPPLY  VOLTAGE  -  VOLTS 
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OPERATION  RULES 
TIMING 

1.  Timing  components  Cx  and  Rx  values. 

Operating  Temperature  Range 


0°C  to  70°C 

-55°Cto+125°C 

Rx  MIN. 
Rx  MAX 
Cx 

5kfi 
100kfJ 
any  value 

5kn 
50kJ2 
any  value 

2.  Remote  adjustment  of  timing. 


Rl  +  R2  =  Rx 
R-,  >  Rx  MIN. 
R2<  Rx  MAX.  -R-, 

In  the  above  arrangement,  Rl  and  Cx  should  be  as  close  as  pos- 
sible to  the  device  pins  to  minimize  stray  capacitance  and  ex- 
ternal noise  pickup.  The  variable  resistor  R2  can  be  located 
remotely  from  the  device  if  reasonable  care  is  used. 

3.  Pulse  width  change  measurements. 

The  pulse  width  tpwQ  is  specified  and  measured  with  compo- 
nents of  better  than  0.1%  accuracy.  If  measurements  are  made 
with  reduced  component  tolerances,  the  expected  accuracy 
should  be  adjusted  accordingly.  Note  that  pulse  width  tempera- 
ture stability  improves  as  Rx  increases. 

4.  Timing  for  Cx  <  1000  pF. 

When  using  capacitor  of  less  than  or  equal  to  1000  pF  in  value, 
the  output  pulse  width  should  be  determined  from  the  output 
pulse  width  versus  external  timing  capacitance  graph. 

5.  Timing  for  Cx  >  1000  pF. 

For  capacitors  of  greater  than  1000  pF  in  value,  the  output 
pulse  width,  tpwQ,  is  determined  by 


/      0.11  \ 

tpwQ  =  0.30CxRx  ^1  +  —J 


where 


Cx  is  in  picofarads 
tpwQ  is  in  nanoseconds 


Rx/Cx  TERMINAL 


Q1  =  2N2511 
OR  EQUIVALENT 


TO  Rx/Cx  TERMINAL 


R!  <0.6  x  Rx  MAX. 


R2<  0.7  x  hFEQi  x  R„ 


6.  Protection  of  electrolytic  timing  capacitors. 

If  the  electrolytic  capacitor  to  be  used  as  Cx  cannot  withstand 
1.0  volt  reverse  bias,  one  of  the  two  circuit  techniques  shown 
below  should  be  used  to  protect  the  electrolytic  capacitor 
from  the  reverse  voltage.  The  accuracy  of  the  pulse  width  may 
be  dependent  on  the  diode  (transistor)  characteristics. 

The  output  pulse  width,  tpwQ  for  the  diode  circuit  modifies 
the  previous  timing  equation  as  follows: 

/  0.13\ 
tpwQ  =  0.26CxRx  (1 

The  output  pulse  width  for  the  transistor  circuit  is 

/  0.16\ 
tpwQ  =  0.21CxRx  M  +  — j 

Notice  that  the  transistor  circuit  allows  values  of  timing  re- 
sistor R2  larger  than  the  Rx  MIN.  <  Rx  <  Rx  MAX.  to  obtain 
longer  output  pulse  widths  for  a  given  Cx. 

TRIGGER  AND  RETRIGGER 

1.  Triggering. 

The  minimum  pulse  width  signal  into  input  Iq  or  input  l-|  to 
cause  the  device  to  trigger  is  20ns.  Refer  to  the  truth  table 
for  the  appropriate  input  conditions. 

2.  Retriggering. 

The  retriggered  pulse  width,  tpwrQ,  is  the  time  during  which 
the  output  is  active  after  the  device  is  retriggered  during  a 
timing  cycle.  It  differs  from  the  initial  pulse  width  tpwQ 
timing  equation  as  follows. 


tpwr0- : 


tpwQ  +  tPLH 


where  tpLH  is  the  propagation  delay  time  from  the  Iq  or  l<| 
input  to  the  output.  Note  that  tp|_H  is  typically  14ns  and 
therefore  becomes  relatively  unimportant  as  tpwQ  increases. 

3.  Rapid  retriggering. 

A  minimum  retriggering  time  does  exist.  That  is,  the  device 
cannot  be  retriggered  until  $  minimum  recovery  time  has 
elapsed.  The  minimum  retrigger  time  is  approximately. 

Wig  MIN.  =  0.2  cx 

C  is  in  picofarads 
t  is  in  nanoseconds 


_f 


L^.  

OUTPJT  WITHOUT^ 
RETRIGGER 


_TL 


INPUT  I,;  Iq  =  HIGH 


INITIAL 
TRIGGER 
PULSE 


CLEAR 

A  LOW  on  the  clear  inputs  terminates  the  timing  cycle. 
A  new  trigger  cycle  cannot  be  initiated  while  the  clear  is 
LOW.  With  the  clear  HIGH,  the  device  is  under  the  com- 
mand of  the  l-|  and  Iq  inputs. 
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Am26S10*Am26S11 

Quad  Bus  Transceivers 


Distinctive  Characteristics 

•  Input  to  bus  is  inverting  on  Am26S10 

•  Input  to  bus  is  non-inverting  on  Am26S1 1 

•  Quad  high-speed  open  collector  bus  transceivers 

•  Driver  outputs  can  sink  100mA  at  0.8V  maximum 


•  Bus  compatible  with  Am2905,  Am2906,  Am2907 

•  Advanced  Schottky  processing 

•  PNP  inputs  to  reduce  input  loading 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am26S10  and  Am26S1 1  are  quad  Bus  Transceivers 
consisting  of  four  high-speed  bus  drivers  with  open-collector 
outputs  capable  of  sinking  100mA  at  0.8  volts  and  four 
high-speed  bus  receivers.  Each  driver  output  is  connected 
internally  to  the  high-speed  bus  receiver  in  addition  to  being 
connected  to  the  package  pin.  The  receiver  has  a  Schottky 
TTL  output  capable  of  driving  ten  Schottky  TTL  unit 
loads. 

An  active  LOW  enable  gate  controls  the  four  drivers  so 
that  outputs  of  different  device  drivers  can  be  connected 
together  for  party-line  operation.  The  enable  input  can 
be  conveniently  driven  by  active  LOW  decoders  such  as 
the  Am25LS139. 

The  bus  output  high-drive  capability  in  the  LOW  state 
allows  party-line  operation  with  a  line  impedance  as  low 
as  10057.  The  line  can  be  terminated  at  both  ends,  and  still 
give  considerable  noise  margin  at  the  receiver.  The  receiver 
typical  switching  point  is  2.0  volts. 

The  Am26S10  and  Am26S1 1  feature  advanced  Schottky 
processing  to  minimize  propagation  delay.  The  device 
package  also  has  two  ground  pins  to  improve  ground  current 
handling  and  allow  close  decoupling  between  Vqq  and 
ground  at  the  package.  Both  GNDi  and  GND2  should  be 
tied  to  the  ground  bus  external  to  the  device  package. 


INFORMATION 


Package 
Type 

Temperature 
Range 

Am26S10 
Order 
Number 

Am26S1l 
Order 
Number 

Molded  DIP 

0°C  to  +70°C 

AM26S10PC 

AM26S1 1  PC 

Hermetic  DIP 

0°C  to  +70°C 

AM26S1 0DC 

AM26S1 1  DC 

Dice 

0°C  to  +70°  C 

AM26S1 0XC 

AM26S11XC 

Hermetic  DIP 

-55°Cto+125°C 

AM26S1  0DM 

AM26S1 1  DM 

Hermetic  Flat  Pack 

-55°Cto+125°C 

AM26S10FM 

AM26S11FM 

Dice 

~55°Cto+125°C 

AM26S1 0XM 

AM26S11XM 

CONNECTION  DIAGRAMS 
Top  Views 


VCC    B3     Z3      '3       E      '2      Z2  B2 

nnnnnnnn 


VCC     H3     z3      '3  E 


nnnnnnnn 


16     15      14      13      12      11      10  9 


UUUUUUUU'  'ULJLIUULILIU 

GNO,    B0     Z„     ,0      I,      Z,     B,    GND2        GNO,    BQ     Z(J     ~0      ,,      Z)     T,  GNDj 


Note:  Pin  1  is  marked  for  orientation. 



LOGIC  SYMBOLS 


12  4    5   11  13 


Am26S10 
OUAD 
TRANSCEIVER 


Bo     8i     B2  B3 

TTTT 


'0  h    '2  '3 

Am26S1 1  z1 

QUAD  z, 

TRANSCEIVER  * 


TTTT 

2      7      9  15 


GND,  =  Pin  1 
GND2  -  Pin  8 


LOGIC  DIAGRAMS 
Am26S10 


In 


5  <5  5  \> 


i  i  i  i 


Am26S11 


E  l0  I,  l2  l3 

it  i t 


t  t  t 
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Am26S10/11 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired)  


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

Output  Current,  Into  Bus 

200  mA 

Output  Current,  Into  Outputs  (Except  Bus) 

30  mA 

DC  Input  Current  -30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  RANGE  (Unless  Otherwise  Noted) 

MIN.  =  4.75V  MAX.  =  5.25V 
MIN.  =  4.5V  MAX.  =  5.5V 


Am26S10XC,  Am26S1  1  XC 
Am26S10XM,  Am26S11XM 


Parameters 


TA  =  0  C  to  +70  C 
TA  =  -55°  C  to  +125°C 


VCC  =  5.0V±5%  (COM'L) 
Vcc  =  5.0V  ±10%  (MIL) 


Description 


Test  Conditions  (Note  i) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 
(Receiver  Outputs! 

VCC  =  MIN.,  I0H  =  0mA 
V|N=V|LorV|H 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 
(Receiver  Outputs} 

VCC  =  MIN.,  I0L  =  20mA 
V|N  =  V|LorV|H 

0.5 

Volts 

V|H 

Input  HIGH  Level 
(Except  Bus) 

Guaranteed  input  logical  HIGH 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 
(Except  Bus) 

Guaranteed  input  logical  LOW 
for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 
(Except  Bus) 

VCC  -  MIN.,  I|N  =  -18mA 

-1 .2 

Volts 

l|L 

Input  LOW  Current 
(Except  Bus) 

VCC  =  MAX.,  V|N  =  0.4V 

Enable 

-0.36 

mA 

Data 

-0.54 

'IH 

Input  HIGH  Current 
(Except  Bus) 

VCC  "  MAX-.  VIN  "  2  7V 

Enable 

20 

«A 

Data 

30 

l| 

Input  HIGH  Current 
{Except  Bus) 

VCC  =  MAX.,  V|N  =  5.5V 

100 

uA 

'sc 

Output  Short  Circuit  Current 
(Except  Bus) 

Vqc  =  MAX.  (Note  3) 

MIL 

-20 

-55 

mA 

COM'L 

-18 

-60 

'CCL 

Power  Supply  Current 
(All  Bus  Outputs  LOW) 

VCC  "  MAX. 
Enable  =  GND 

Am26S10 

45 

70 

mA 

Am26S11 

80 

Bus  Input/C 

Parameters 

utput  Characteristics 

Typ. 

Description                               Test  Conditions  (Note  1 )                     Min.        (Note  2)       Max.  Units 

Vol 

Output  LOW  Voltage 

VCC  =  MIN- 

MIL 

Iql  =  40mA 

0.33  0.5 

lOL  =  70mA 

0.42 

0.7 

Volts 

lOL  =  100mA 

0.51 

0.8 

COM'L 

Iql  '  40mA 

0.33 

0.5 

lOL  =  70mA 

0.42 

0.7 

Iql  =  100mA 

0.51 

0.8 

'O 

Bus  Leakage  Current 

V0  =  0.8V 

-50 

MA 

Vcc  =  MAX. 

MIL 

V0  =  4.5V 

200 

COM'L 

V0  =  4.5V 

100 

'off 

Bus  Leakage  Current  (Power  Off) 

V0  =  4.5V 

100 

ma 

vTh 

Receiver  Input  HIGH  Threshold 

Bus  Enable  =  2.4V 
VCC  =  MAX 

MIL 

2.4 

2.0 

Volts 

COM'L 

2.25 

2.0 

VTL 

Receiver  Input  LOW  Threshold 

Bus  Enable  =  2.4V 
VCC  =  MIN 

MIL 

2.0 

1.6 

Volts 

COM'L 

2.0 

1.75 

Notes:  1    For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VCc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 
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Am26S10/11 

Switching  Characteristics  (Ta  =  +25°C,  Vcc  =  5.0V) 

Parameters  Description 


Am26S  10/11 


Test  Conditions 


Min. 


Typ. 


Max. 


Units 


«PLH 

Data  Input  to  Bus 

10 

15 

ns 

«PHL 

Rb  =  50n 
Cb  =  50pF  (Note  1) 

10 

15 

«PLH 

Am26S1 1 

12 

19 

«PHL 

12 

19 

«PLH 

Enable  Input  to  Bus 

Am26S10 

14 

18 

«PHL 

13 

18 

«PLH 

Am26S11 

15 

20 

«PHL 

14 

20 

«PLH 

Bus  to  Receiver  Out 

RB  =  5012,  R(_  =  2800 
CB  -  50pF  (Note  1),  CL  =  15pF 

10 

15 

ns 

»PHL 

10 

15 

«r 

Bus 

RB  =  son 

CB  =  50pF  (Note  1) 

4.0 

10 

ns 

«f 

Bus 

2.0 

4.0 

ns 

Note  1.  Includes  probe  and  jig  capacitance. 

TRUTH  TABLES 

Am26S10  Am26S11 

Inputs 


Outputs 


Inputs 


Outputs 


E  I 

B 

z 

E 

I 

B 

z 

L 

L 

H 

L 

L 

L 

L 

H 

L 

H 

L 

H 

L 

H 

H 

L 

H 

X 

Y 

Y 

H 

X 

Y 

Y 

H  -  HIGH  Voltage  Level 
L  =  LOW  Voltage  Level 
X  =  Don't  Care 
Y  =  Voltage  Level  of  Bus  (Assumes  Conti 
Another  Bus  Transceiver) 


Am26S10/Am26S11  SCHEMATIC  DIAGRAM 


1 


I 


6  III 


4^ 


TO  ONE 
OTHER 
DRIVER 


GND]  -  Pin  1 
GND2  =  Pin  8 

—  Connect  for  Am26S1  0 

Remove  R-,,  Q-,,  D-|  for  Am26S10 
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Am26S10/11 


TYPICAL  PERFORMANCE  CURVES 


Typical  Bus  Output  Low  Voltage 
Versus  Ambient  Temperature 


Vcc  -  +5.0V 


'BUS  =  40mA 


-55  -35-15  5    25   45    65  85  105  125 
TA  -  AMBIENT  TEMPERATURE  -  "C 


Receiver  Threshold  Variation 
Versus  Ambient  Temperature 


VCC  =  E 

.5V 

L 

Vcc  =  5 

25  Y 

h 

■4 

,  =  n 

/sv 

s*CC 

M'l 

V 

,  =  4 

5V 

-55  -35-15  5  25  45  65  85  105  125 
TA  -  AMBIENT  TEMPERATURE  -  °C 


TYPICAL  APPLICATION 


E 

10  >1 

'2  h 
z0 

E           Iq  h  lz  13 

E 

>o  h 

is 

l3 

Zo 

E 

'0  'l  '2  '3 

Zo 

Amaesio 

Zl 
Z2 

  RECEIVER 

  OUTPUTS 

Zl 

Am26S10  Z2 

  RECEIVER 

  OUTPUTS 

Am26S11 

Z1 

z2 

  RECEIVER 

  OUTPUTS 

Zl 

Am26S11  Z2 

  RECEIVER 

  OUTPUTS 

z3 

Z3 

z3 

- 

3     B,  B2 

B3 

8D     Bi     B2  B3 

» 

1    Bt  b2 

3i 

BC 

B,      B2  B3 

+5V 

10017, 
-WV  ' 


loon 
-VS*  ' 


lOOn  PARTY-LINE  OPERATION. 


Metallization  and  Pad  Layout 


GND2  8 


Am26S11 


DIE  SIZE  0.059"  X  0.075" 


DIE  SIZE  0.059"  X  0.075" 
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Am26S10/11 


SWITCHING  CHARACTERISTICS 


TEST  CIRCUIT 


PULSE 
GENERATOR 
NO.  1 


ONLY 


i=0 


ALL  DIODES 
1N916  0R 
EQUIVALENT 


Note  1.    Includes  Probe  and  Jig  Capacitance, 


WAVEFORMS 


B  TEST  POINT 


I  1 


r  - 


p  "  'PHL 


-V0L 
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Am26S12*Am26S12A 

Quad  Bus  Transceiver 


Distinctive  Characteristics 

•  Quad  high-speed  bus  transceivers 

•  Driver  outputs  can  sink  100mA  at  0.7  V  typically 


•  100%  reliability  assurance  testing  in  compliance  with 
MlL-STD-883 

•  Choice  of  receiver  hysteresis  characteristics 


FUNCTIONAL  DESCRIPTION 


The  Am26S12  •  Am26S12A  are  high-speed  quad  Bus  Transceivers  con- 
sisting of  four  high-speed  bus  drivers  with  open-collector  outputs 
capable  of  sinking  100mA  at  0.7  volts  and  four  high-speed  bus  receivers. 
Each  driver  output  is  brought  out  and  also  connected  internally  to  the 
high-speed  bus  receiver.  The  receiver  has  an  input  hysteresis  charac- 
teristic and  a  TTL  output  capable  of  driving  ten  TTL  Loads. 
An  active  LOW,  two-input  AND  gate  controls  the  four  drivers  so  that 
outputs  of  different  device  drivers  can  be  connected  together  for  party- 
line  operation.  The  enable  inputs  can  be  conveniently  driven  by  active 
LOW  decoders  such  as  the  Am54S/74S1  39. 

The  high-drive  capability  in  the  LOW  state  allows  party-line  operation 
with  a  line  impedance  as  low  js  100^.  The  line  can  be  terminated  at 
both  ends,  and  still  give  conJderable  noise  margin  at  the  receiver.  The 


hysteresis  characteristic  of  the  Am26S12  receiver  is  chosen  so  that  the 
receiver  output  switches  to  a  HIGH  logic  level  when  the  receiver  input 
is  at  a  HIGH  logic  level  and  moves  to  1 .4  volts  typically,  and  switches 
to  a  LOW  logic  level  when  the  receiver  input  is  at  a  LOW  logic  level  and 
moves  to  2.0  volts  typically.  This  hysteresis  characteristic  makes  the 
receiver  very  insensitive  to  noise  on  the  bus. 

The  Am26S12A  is  functionally  identical  to  the  Am26S12  but  has  a 
different  hysteresis  characteristic  so  that  the  output  switches  with  the 
input  being  typically  at  1.2  volts  or  2.25  volts.  In  both  devices 
the  threshold  margin,  the  difference  between  the  switching  points,  is 
greater  than  0.4  volts. 


LOGIC  DIAGRAM /SYMBOL 


7  9 

6 


Am26S12-  Am26S12A  Z] 
QUAD  z 
TRANSCEIVER  2 
z3 


t        t        t  t 


TTTT 

1       A      12  15 


GND  =  Pin  8 


Package 
Type 


ORDERING  INFORMATION 

Am26S12  Am26S12A 

Temperature             Order  Order 

Range                Number  Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Flat  Pak 
Dice 


0°C  to  +75°  C 
0°  C  to  +76°  C 
0°C  to  +75°  C 
-55°C  to  +125°C 
-55°Cto+12S°C 
-55°  C  to  +125°C 


AM26S12PC 
AM26S1 2DC 
AM26S12XC 
AM26S1 2DM 
AM26S12FM 
AM26S12XM 


AM26S12APC 
AM26S12ADC 
AM26S1 2AXC 
AM26S12ADM 
AM26S12AFM 
AM26S12AXM 


CONNECTION  DIAGRAM 
Top  View 


VCC    u3      '3      ^3     e2      '2     ^2  E 

nnnnnnnn 

16     15      14     13      12      11      10  9 


1       2       3       4       G       6  7 


UUUULJUUU 

5o     'o     z0     SI     h     zl     E  GND 
Note:  Pin  1  is  marked  for  orientation. 
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Am26S12/12A 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 



Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

Output  Current,  Into  Outputs  (BUS) 

200mA 

Output  Current,  Into  Outputs  (Receiver) 

30mA 

DC  Input  Current 

-30mA  to  +5.0mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am26S12XC-Am26S12AXC        TA  =  0°C  to  +75° C  Vcc  =  5.0V  ±5%  (COM  Range) 

Am26S12XM-Am26S12AXM        T A  =  -55° C  to  + 1  25° C  VCC=5.0V±10%  (MIL  Range)  Note  1 


Parameters                   Description                               Test  Conditions                       Min.       Typ.(Note2)      Max.  Units 

•cc 

Power  Supply  Current 

VCC=JV1AX. 

46 

70 

mA 

'BUS 

Bus  Leakage  Current 

Vcc  =  max.  or  ov: 

VBUS  =  4.0V;  Driver  in  OFF  State 

100 

MA 



Driver  Characteristics 

vol 

(Note  1) 

Output  LOW  Voltage 

Vcc  =  MIN. 

VIN  =vIH°rV|L 

COM'L 

'OL  =  100mA 

0.7 

0.8 

Volts 

MIL 

Iql  =  60mA 

0.55 

0.7 

Volts 

Iql  =  100mA 

0.7 

0.85 

V|H 

Input  HIGH  Voltage 

2.0 

Volts 

V,L 

Input  LOW  Voltage 

0.8 

Volts 

V| 

input  Clamp  Voltage 

VCC  =  MIN.,  I,N  = -18mA 

-1.2 

Volts 

'  I 

Input  Current 

at  Maximum  Input  Voltage 

VCC  =  MAX.,  V,  =  5.5V 

1.0 

mA 

"" 

Unit  Load 

Input  HIGH  Current 

VCC  =  MAX.,  V,  =  2.4V 

1.0 

40 

MA 

ML 

Unit  Load 

Input  LOW  Current 

Vcc  =  MAX.,  V|  =  0.4V 

mA 

Receiver  Characteristics 

Vcc  =  MIN.,  Iqh  "  -800uA 

2.4 

vol 

Output  LOW  Voltage 

VCc  "  MIN-.  'OL  "  20mA 
VIN  =  v| l  (Receiver) 

0.4 

0.5 

Volts 

Input  HIGH  Level  Threshold 

E  =  H 

Am26S12 

1.8 

2.0 

2.2 

Volts 

Am26S12A 

2.05 

2.25 

2.45 

V|L 

Input  LOW  Level  Threshold 

E  -  H 

Am26S12 

1.2 

1.4 

1.6 

Volts 

Am26S12A 

1.0 

1.2 

1.4 

vTM 

Input  Threshold  Margin 

E  =  H 

0.4 

Volts 

'OS 

Output  Short  Circuit  Current 

VCC  "  MAX.,  V0UT  =  0.0V 

-20 

-55 

mA 

Notes:  1.  For  the  Am26S12FM,  Am26S12AFM  the  output  current  must  be  limited  at  60mA  or  the  maximum  case  temperature  limited  to  125°  C  for  correct 
operation. 

2.  Typical  limits  are  at  Vcc  =  5.0  V,  25° C  ambient  and  maximum  loading. 


Switching  Characteristics  (Ta  =  25°C,  Vcc  =  5.0V) 


Parameters 

Description 

Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Turn  Off  Delay  Input  to  Bus 

CLB  =  15pF,  RLB  ■  ioon 

7 

11 

ns 

«PHL 

Turn  On  Delay  Input  to  Bus 

CLB  =  300pF,  R(_B  "  50n 

14 

21 

ns 

tPLH 

Turn  Off  Delay  Enable  to  Bus 

Clb  "  15pF,  Rlb  =  son 

10 

15 

ns 

*PHL 

Turn  On  Delay  Enable  to  Bus 

Clb  -  15pF,  Rlb  =  5012 

10 

15 

ns 

«PLH 

Turn  Off  Delay  Bus  to  Output 

CL  =  15pF 

18 

26 

ns 

'PHL 

Turn  On  Delay  Bus  to  Output 

CL  =  15pF 

18 

26 

ns 
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Am26S12/12A 


SWITCHING  CIRCUITS  AND  WAVEFORMS 


Frequency  5MHz 

tr  =  tf  =  2  ns  Measured  Between 

1  V  to  2  V  Levels, 


Figure  1.  Bus  Propagation  Delays 


61 


I" 


J  \ 

V*  'PHL 

\ 

— -lPLH"H 

Figure  2.  Receiver  Propagation  Delays 
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Am26S12/12A 


TRUTH  TABLE 
Am26S12/26S12A 
Inputs  Outputs 


m| 

B  Z 

L  L 
L  H 
H  X 

H  L 
L  H 
Y  Y 

H  -  HIGH  Voltage  Level 
L  =  LOW  Voltage  Level 
X  =  Don't  Care 

Voltage  Level  of  Bus 


Table  I 


MSI  INTERFACING  RULES 

Equivalent 

Interfacing  Input  Unit  Load 

Digital  Family  HIGH  LOW 


Advanced  Micro  Devices  9300/2500  Series 

1 

1 

FSC  Series  9300                                                 1  1 

Tl  Series  54/7400 

1 

1 

Signetics  Series  8200 

2 

2 

National  Series  DM  75/85 

1 

1 

DTL  Series  930 

12 

1 

Table  II 


Am26S1 2  Typical 
Receiver  Input  Characteristic 


2.8 
e>  2.4 


O  0.4 
0 


1.2     1.4      1.6      1.8      2.0     2.2  2.4 
V,N-INPUT  VOLTAGE— VOLTS 


Am26S12A  Typical 
Receiver  Input  Characteristic 


- 

- 

- 

— 

VlH 

- 

— 

- 

— 

1.2  1.4  1.6  1  8  2.0  2.2 
Vm-INPUTVOLTAGE -VOLTS 


Figure  3 


Figure  4 


INPUT/OUTPUT  CIRCUITRY 


EC=o 


Figure  5 
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Am26S12/12A 


Am26S12/26S12A  APPLICATION 


□  Mil 

3 

Zo 

Am26S12;26S12A 

?J 

B0     Bl     32  B2 

"  RECEIVER 
.  OUTPUTS 


Am26S12/26S12A 


ioon 

ioon 
— Wv— 

lOOii 
-VA- 


B0  B,  B2  83 
OO60 


E               h    l2  10 

]3 

E              l0  1)  l2  I3 

-VU 

Z, 

  RECEIVER 

Z| 

  RECEIVER 

Am26S12/26S12A 

Z2 

  OUTPUTS 

Am26S12/26S12A  z^ 

  OUTPUTS 

23 

B0    B^     B2  B3 

Bq    Bt    b2  b3 

i5V 

100£2 
-WV  • 


lOOil  PARTY  LINE  OPERATION. 


Figure  6 


Metallization  and  Pad  Layout 


7  8  9 
E  GND  E 

DIE  SIZE:  0.071"  x  0.072" 
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Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  Inverting  and  non-inverting  enable  inputs 


•  Useful  in  memory  decoders  and  high-speed  data  trans- 
mission 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S138  is  a  3-line  to  8-line  decoder/demulti- 
plexer fabricated  using  advanced  Schottky  technology.  The 
decoder  has  three  buffered  select  inputs  A,  B  and  C  that 
are  decoded  to  one  of  eight  Y  outputs. 

One  active-HIGH  and  two  active-LOW  enables  can  be  used 
for  gating  the  decoder  or  can  be  used  with  incoming  data 
for  demultiplexing  applications.  When  the  enable  input 
function  is  in  the  disable  state,  all  eight  Y  outputs  are  HIGH 
regardless  of  the  A,  B  and  C  select  inputs. 


ORDERING  INFORMATION 


Package  Temperature 
Type  Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto  +125°C 
-55°Cto+125°C 
-55°Cto+125°C 


SN74S138N 

SN74S138J 

SN74S138X 

SN54S138J 

SN54S138W 

SN54S138X 


LOGIC  DIAGRAM 


CONNECTION  DIAGRAM 
Top  View 


Yn     Y,     Y,     V,     Y4     Y6  Y6 


LOGIC  SYMBOL 


VCC   Yo    v1  Y2 


nnnnnnnn 


16     15     14     13     12      11     10  9 
Am54S/74S138 
~1  2345678 


uuuuuuuu 

AS       C    G2A  G2B    Gl     Y;  GND 


Note:  Pin  1  is  marked  for  orientation. 


gi 

A  B 

G2A 

Am54S/74S138 

G2B 

V0  Y1 

Y2     Y3     Y4     Y5     Yg  Y? 

TTTTTTTT 

15      14      13      12      11      10      9  7 


Vcc  -  Pin  16 
GND  =  Pin  8 
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Am54S/74S138 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature 

-65°C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current  -30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S138  T A  =  0° C  to  +70° C  Vcc  -  5.0V  ±5%  (COM'L)  MIN.  =  4.75V  MAX.  =  5.25V 

Am54S138  T  A  =  -55°  C  to  + 1  25°  C  Vcc  -  5.0V  ±  1 0%  (Ml  L)  MIN.  =  4.5V  MAX. -5.5V 

Typ. 


Parameters 

Description 

Test  Conditions  (Note  1 1 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  -  MIN.,  Iqh  =  -1mA 

MIL 

2.5 

3.4 

Volts 

V|N  =  v|HorV|L 

COM'L 

2.7 

3.4 

Vol 

Output  LOW  Voltage 

Vcc  =  MIN-  'OL  =  20mA 
VIN  =  V|H  or  V|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  ail  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  -  -18mA 

-1.2 

Volts 

"It 

(Note  3) 

Input  LOW  Current 

Vcc  "  MAX.,  V|N  =  0.5V 

-2 

mA 

>IH 

(Note  3) 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7V 

50 

(iA 

'I 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  5.SV 

1.0 

mA 

•sc 

Output  Short  Circuit  Current 
(Note  4) 

VCc  "  MAX.,  V0UT  "  0-0V 

-40 

-100 

mA 

'cc 

Power  Supply  Current 

VCC  "  MAX-   (Note  5) 

49 

74 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VqC  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Outputs  enabled  and  open. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Two  Level  Delay 

4.5 

7 

ns 

tPHL 

Select  to  Output 

7 

10.5 

»PLH 

Three  Level  Delay 

7.5 

12 

ns 

tPHL 

Select  to  Output 

VCC  "  5V,  CL  =  15pF,  RL  =  28012 

8 

12 

tPLH 

G2A  or  G2B 

5 

8 

ns 

tPHL 

to  Output 

7 

11 

tPLH 

G1  to  Output 

7 

11 

ns 

tPHL 

7 

11 
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Am54S/74S138 


FUNCTION  TABLE 


Inputs 

Outputs 

Enable 

Select 

G1 

G2> 

*  G2B 



C 

B 

A 

Vl 

Y3 

Y4 

Y6    Y6  Y7 

L 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H  H 

X 

H 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H  H 

X 

X 

H 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H  H 

H 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H  H 

H 

L 

L 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H  H 

H 

L 

L 

L 

H 

L 

H 

H 

L 

H 

H 

H 

H  H 

H 

L 

L 

L 

H 

H 

H 

H 

H 

L 

H 

H 

H  H 

H 

L 

L 

H 

L 

L 

H 

H 

H 

H 

L 

H 

H  H 

H 

L 

L 

H 

L 

H 

H 

H 

H 

H 

H 

L 

H  H 

H 

L 

L 

H 

H 

L 

H 

H 

H 

H 

H 

H 

L  H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H  L 

H  =  HIGH 
L  -  LOW 
X  =  Don't  care 


LOADING  RULES  (In  Unit  Loads) 


Input/Output      Pin  No.'s      Unit  Load 


Fan-out 
Output  Output 
HIGH  LOW 


A 

1 

1 

B 

2 

1 

— 

C 

3 

1 

G2A 

4 

1 

G2B 

5 

1 

G1 

6 

1 

Yy 

7 

20 

10 

GND 

8 

Y6 

9 

20 

10 

Y5 

10 

20 

10 

Y4 

11 

20 

10 

Y3 

12 

20 

10 

Y2 

13 

20 

10 

*1 

14 

20 

10 

Yo 

15 

20 

10 

vCc 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50uA  measured  at  2.7V 
and  -2.0mA  measured  at  0.5V  LOW. 


HIGH 


DEFINITION  OF  FUNCTIONAL  TERMS: 

A,  B,  C  Select.  The  three  select  inputs  to  the  decoder. 
G1    The  active-HIGH  enable  input.  A  LOW  on  the  G1  in- 
put forces  all  Y  outputs  HIGH  regardless  of  any  other 
inputs. 

G2A,  G2B  The  active-LOW  enable  input.  A  HIGH  on 
either  the  G2A  or  G2B  input  forces  all  Y  outputs  HIGH 
regardless  of  any  other  inputs. 

Yo.  Y, ,  Y2,  Y3,  Y4,  Y5,  Y6,  Y7  The  eight  decoder  outputs. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 
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Am54S/74S138 





APPLICATION 


y6  o- 


-O  G2B 
-O  G2A 


Gl 


ONE-OF-SIXTEEN  DEMULTIPLEXER 


Metallization  and  Pad  Layout 


DIE  SIZE  0.065"  X  0.070" 
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Am54S/74S139  •  Am93S21 

Dual  2-Line  to  4-Line  Decoder/Demultiplexer 


Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  7.5ns  typical  propagation  delay 


•  Two  independent  decoders/demultiplexers 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-SI 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S139  and  Am93S21  are  dual  2-line  to  4-line 
decoder/demultiplexer  units  fabricated  using  advanced 
Schottky  technology.  Each  decoder  has  two  buffered 
select  inputs  A  and  B  which  are  decoded  to  one  of  four 
Y  outputs. 

An  active  LOW  enable  can  be  used  for  gating  or  can  be  used 
as  a  data  input  for  demultiplexing  applications.  When  the 
enable  is  HIGH,  all  four  Y  outputs  are  HIGH,  regardless 
of  the  A  and  B  inputs. 


LOGIC  SYMBOL 


1Y0   1Y1    1Y2  1Y3 


TTTT 

4       5       6  7 


2Y0  2Y1    2Y2  2Y3 


TTTT 

12      11      10  9 


GND  =  Pin  8 


LOGIC  DIAGRAM 
Decoder  Shown) 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am54S/ 
74S139 
Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 

Hermetic  Flat  Pak 

Dice 


0°Cto  +70°  C 
0°Cto  +70°  C 
0°Cto  +70°  C 
-55°Cto+125°C 
-55°C  to  +125°C 


SN74S139N 
SN74S139J 
SN74S139X 
SN54S139J 
SM54S139W 


Am93S21 
Order 
Number 


93S21PC 
93S21DC 
93S21XC 
93S21DM 
93S21  FM 


-55°Cto+125°C        SN54S139X  93S21XM 


CONNECTION  DIAGRAM 
Top  View 


vcc   2G    2A    2B    2Y0  2Y1  2Y2  2Y3 

nnnnnnnn 

16     15     14     13      12      11      10  9 


1       2       3       4  5 


UUUUUUUU 

1G     1A     IB     1Y0  1Y1    IY2    1Y3  GND 


Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S139 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired)   


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to  +7  V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-5.0V  to  +VCC  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S139,  Am93S21  XC  TA  =  0°C  to  +70°C  Vcc  -  5. 0  V  ±  5%  (COM'L)  MIN.  -4.75V  MAX.  =  5.25V 

Am54S139,  Am93S21  XM  TA  =-  -55°C  to  + 1  25°C  Vcc  -  5.0  V  ±  1 0%  (Ml  L)  MIN.  -4.5V  MAX.  =  5.5  V 


Typ. 

Parameters  Description  Test  Conditions  (Note  1 1  Min.         (Note  2)         Max.  Units 


V0H 

Output  HIGH  Voltage 

VCC  »  MIN.,  I0H  f  -1mA 
V|N  =  V,HorV|L 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC=  MIN.,  lOL  =  20mA 
VIN  "  V|H  or  V|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  1  ||M  =  —  18mA 

-1.2 

Volts 

■lL 

(Note  3) 

Unit  Load 

Input  LOW  Current 

VCC=  MAX.,  V|N  =  0.5  V 

-2 

mA 

>IH 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC=  MAX.,  V|N  =  2.7  V 

50 

f  A 

l| 

Input  HIGH  Current 

Vcc=  MAX.,  V|N  =  5.5  V 

1.0 

mA 

>SC 

Output  Short  Circuit  Current 
(Note  4) 

VCC  =  MAX.,  V0UT  =  0.0  v 

-40 

-100 

mA 

ice 

Power  Supply  Current 

VCC=MAX.  (Note  5) 

60 

90 

mA 

Notes:   1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  =  5.0V,  25  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  X  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Ice  is  measured  with  all  outputs  enabled  and  open. 


Switching  Characteristics  (TA  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Select  to  Output,  2  Levels  of  Delay 

5 

7.5 

ns 

tPHL 

6.5 

10 

tPLH 

Sefect  to  Output,  3  Levels  of  Delay 

VCC  -  5.0V,  R(_  -  280n,  CL  -  15pF 

7 

12 

ns 

tPHL 

8 

12 

tPLH 

Enable  to  Output,  2  Levels  of  Delay 

5 

8 

ns 

tPHL 

6.5 

10 
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FUNCTION  TABLE 


INPUTS 

OUTPUTS 

ENABLE 

SELECT 

G 

B 

A 

Y0 

Yl 

Y2 

v3 

H 

X 

X 

H 

H 

H 

H 

L 

L 

L 

L 

H 

H 

H 

L 

L 

H 

H 

L 

H 

H 

L 

H 

L 

H 

H 

L 

H 

L 

H 

H 

H 

H 

H 

L 

H  «  HIGH 
L-  LOW 
X  =  Don't  Care 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B  Select.  The  two  select  inputs  to  the  decoder. 

G    Enable.  The  enable  input  to  the  decoder.  A  HIGH  input 


forces  all  four  Y  outputs  HIGH  regardless  of  the  A  and 
B  inputs. 

Yq.  Yj ,  Y2,  Y3   The  four  decoder  outputs. 


LOADING  RULES  (in  Unit  Loads) 

Fan-out 


nput/Output 

Pin  No.'s 

Unit  Load 

Output 
HIGH 

Output 
LOW 

1G 

1 

1 

- 

- 

1A 

2 

1 

- 

- 

1B 

3 

1 

- 

- 

1Y0 

4 

- 

20 

10 

1Y1 

5 

- 

20 

10 

1Y2 

6 

- 

20 

10 

1Y3 

7 

- 

20 

10 

GIMD 

8 

- 

- 

- 

2Y3 

9 

- 

20 

10 

2Y2 

10 

- 

20 

10 

2Y1 

1  1 

20 

10 

2Y0 

12 

20 

10 

2B 

13 

1 

2A 

14 

1 

2G 

15 

1 

vCC 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50mA  measured  at  2.7V 
HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


Note:   Actual  current  flow  direction  shown. 
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APPLICATIONS 

32-lnput  Multiplexer 


 15 


*ir 


»2" 
*3— ' 
*4" 


S      Oq  D,  D;  Oj     D4  Dg  D6  D 


MULTIPLEXER  OUTPUT 


S      00  D,  Qj  D3  05  Dg  D, 


S      On  0,  0,  03     Dt  Os  Dfi  D, 


S      Oq  D,   D2  D3     D4  Ds  Dg  D7 


1Y0  1Y1    1Y2  1Y3 

6    6    6  6 


2Y0  2Y1  2Y2  2Y3 

6    6    6  6 


Data  routing  using  one  Am54S/74S1 39  as  a  demultiplexer  for  two  bits. 


Metallization  and  Pad  Layout 


DIE  SIZE  0.073"  X  0.060" 
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Am54S/74S151  -Am54S/74S251 

Eight-Input  Multiplexers 


Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  Switches  one  of  eight  inputs  to  two  complementary 
outputs 


•  Three-state  output  on  Am54S/74S251  for  bus  organ- 
ized systems 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S151  and  the  Am54S/74S251  are  eight- 
input  multiplexers  that  switch  one  of  eight  inputs  onto  the 
inverting  and  non-inverting  outputs  under  the  control  of  a 
three-bit  select  code.  The  inverting  output  is  one  gate  delay 
faster  than  the  non-inverting  output. 

The  Am54S/74S151  provides  an  active-LOW  strobe.  When 
the  strobe  is  HIGH,  the  inverting  output  (W)  is  HIGH  and 
the  non-inverting  output  (Y)  is  LOW. 

The  Am54S/74S251  features  a  three-state  output  for  data 
bus  organization.  The  active-LOW  strobe,  or  "output  con- 
trol" applies  to  both  the  inverting  and  non-inverting  output. 
When  the  output  control  is  HIGH,  the  outputs  are  in  the 
high-impedance  state.  When  the  output  control  is  LOW, 
the  active  pull-up  output  is  enabled. 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am54S/  Am54S/ 

74S151  74S251 
Order  Order 

Number  Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°  C  to  +125°C 
-55°  C  to  +125°C 


SN74S151N 
SN74S151J 
SN74S151X 
SN54S1  51  J 
SN54S151W 
SN54S151X 


SN74S251N 
SN74S251J 
SN74S251X 
SN54S251J 
SN54S251W 
SN54S251X 


LOGIC  DIAGRAM 


AmS4S/74S251  ONLY 


CONNECTION  DIAGRAM 
Top  View 


CC    D4     D5     D6     D7      A       B  c 

nnnnnnnn 


LOGIC  SYMBOL 


4       3       2       1       15     14      13  12 


16     15     14     13      12      11  10 


1       2       3       4       5       6       7  8 

uuuuuuuu 

D3     D2     °i     Dq      Y      w       s  GND 


Note:  Pin  1  is  marked  for  orientation. 


D0     D,     D2     D3     04     D5     D6  D7 


Vcc  -  Pin  16 
GND  -  Pin  8 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired). 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +  Vcc  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Output 

30mA 

DC  Input  Current 

-30mA  to  +5.0mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S151,  Am74S251  T A  -  0° C  to  +70° C  Vcc  =  5.0V  ±5%  ( COM' L)  MIN.  =  4.75V  MAX.  =  5.25V 

Am54S151,  Am54S251  TA  =  -55°  C  to  + 1 25°  C  Vcc  -  5.0V  ±  1 0%  <M  I  L)  MIN.  =  4.5  V        -|-yp      MAX.  =  5.5V 

Parameters  Description  Test  Conditions  (Note  11  Min.        (Note  21       Max.  Units 


V0H 

Output  HIGH  Voltage 

54S151 

VCC=  MIN.. 
V|N  =  V|Hor  V,L 

l0H  =  -1mA 

2  5 

3.4 

Volts 

74S151 

2.7 

3.4 

54S251 

iOH  =  -2mA 

2.4 

3.4 

74S251 

'OH  =  —6.5mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

Vcc  =  MIN.,  Iql  =,  20mA 
V|N  =  V|H  or  V||_ 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

■|L 

(Note  31 

Unit  Load 

Input  LOW  Current 

VCC  =  MAX",  V|N  =  0.5 

-2 

mA 

1 1  H 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7V 

50 

MA 

"I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5V 

1 

mA 

l0(off) 

Off  State  (High-lmpedancel 
Output  Current  (S251  only) 

VCC  =  MAX. 
VIN  =  V|H  or  V|L 

V0  =  2.4V 

50 

HA 

V0  =  0.5V 

-50 

isc 

Output  Short  Circuit  Current 
(Note  4) 

VCC  *  MAX.,  VOUT  =  0.0V 

-40 

-100 

mA 

"cc 

Power  Supply  Current 

VCC  =  MAX. 
(Note  5) 

S151 

45 

70 

mA 

S251 

55 

85 

Notes:   1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  ~  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Ice  is  measured  with  all  outputs  open  and  all  inputs  at  4.5V. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

'PLH 

A,  B,  or  C  to  Y;  4  Levels 

12 

18 

ns 

'PHL 

of  Delay  (S151  only) 

12 

18 

tPLH 

A,  B,  or  C  to  Y;  4  Levels 

12 

18 

ns 

'PHL 

of  Delay  (S251  only) 

13 

19.5 

tPLH 

A,  B,  or  C  to  W;  3  Levels 

10 

15 

ns 

'PHL 

of  Delay 

VCC  =  5.0V,  BL  =  280S2,  CL  =  15  pF 

9 

13.5 

'PLH 

Any  D  to  Y 

8 

12 

ns 

r  'PHL 

8 

12 

»PLH 

Any  D  to  W 

4.5 

7 

ns 

'PHL 

4.5 

7 

*PLH 

Strobe  to  Y  (S151  only) 

11 

16.5 

'PHL 

12 

18 

ns 

*PLH 

Strobe  to  W  (S151  only) 

9 

13 

ns 

'PHL 

8.5 

12 

'ZH 

Output  Enable  to  Y 

13 

19.5 

ns 

<ZL 

(S251  only) 

VCC  =  5.0V,  RL  -  280«,  CL  =  15pF 

14 

21 

«ZH 

Output  Enable  to  W 

13 

ns 

'ZL 

(S251  only) 

14 

21 

'HZ 

Output  Enable  to  Y 

5.5 

8.5 

ns 

«LZ 

(S251  only) 

VCC  =  5.0V,  R l  -  280fi,  CL  =  5  pF 

9 

14 

«HZ 

Output  Enable  to  W 

5.5 

8.5 

ns 

>LZ 

(S251  only) 

9 

14 

□ 
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Am54S/74S151/251 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

S251 

3151 

Output 

SELECT 

Strobe 

Control 

S151  Output 

S251  Output 

C     B  A 

S 

S 

Y  W 

Y  W 

XXX 

H 

H 

L  H 

z  z 

L       L  L 

L 

L 

D0  °0 

Do  °0 

L       L  H 

L 

L 

D,  D, 

D,  D, 

L      H  L 

L 

L 

D2  D2 

D2  D2 

L      H  H 

L 

L 

D3  D3 

D3  D3 

H      L  L 

L 

L 

D4  64 

D4  D4 

H      L  H 

L 

L 

D5  D5 

D5  D5 

H      H  L 

L 

L 

D6  06 

D6  °6 

H      H  H 

L 

L 

D7  D7 

D7  D7 

H  =  HIGH 

X  - 

Don't  Care 

L  =  LOW 


Z  =  High  Impedance 


Drj-D7  =The  output  will  follow  the  HIGH-leuel  or  LOW-level  of 
the  selected  input. 

Dq-D7  =  The  output  will  follow  the  complement  of  the  HIGH- 
level  or  LOW-level  of  the  selected  input. 


DEFINITION  OF  FUNCTIONAL  TERMS 

A,  B,  C   The  three  select  inputs  of  the  multiplexer. 
D0,  D1,  D2,  D3, 

D4,  D5,  Ds,  D7     The  eight  data  inputs  of  the  multiplexer. 

Y   The  true  multiplexer  output. 

W  The  complement  multiplexer  output. 

S    Strobe.  On  the  Am54S/74S1 51 ,  a  HIGH  on  the  strobe 

forces  the  Y  output  LOW  and  the  W  output  HIGH. 

S    Output  Control.  On  the  Am54S/74S251 ,  a  HIGH  on  the 

output  control  (or  strobe)  forces  both  the  W  and  Y  outputs  to 

the  high-impedance  (off)  state. 


LOADING  RULES  (In  Unit  Loads) 

Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

°3 

1 

1 

_ 

_ 

D2 

2 

1 

_ 

_ 

D1 

3 

1 

_ 

_ 

DO 

4 

1 

L 

_ 

Y 

5 

20 

10 

W 

6 

20 

10 

s 

7 

1 

- 

- 

GND 

8 

- 

- 

- 

C 

9 

1 

- 

- 

B 

10 

1 

- 

- 

A 

11 

1 

°7 

12 

1 

°6 

13 

1 

°5 

14 

1 

D4 

15 

1 

vCc 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50mA  measured  at 
2.7V  HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


vcc- 


DRIVING  OUTPUT  , 


DRIVEN  INPUT 


— -KI 


t  UNIT  LOAD 
'  2.8kil  NOM 


Note:  Actual  current  flow  direction  shown. 
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Am54S/74S151/251 


APPLICATIONS 

LOGIC  FUNCTION  GENERATION 


D0     m\     D2     O3     O4     D5     DB  D7 


1 


Z  =  ABCD  +  ABCD  +  ACD  +  AB  +  ACD  +  BCD 


32-INPUT  MULTIPLEXER 


*2" 
A4- 


S    Dq  0|   D?  D3  O4  05   Dfi  D 


5  D0  D,  Dz  D3  D4  D5  [ 
.  Am54S/74S351 


Oq  Ol    02  D3  Of  O5  Dg  O7 


S   Oq  D|    D2  D3  [>4         DB  ^7 


MULTIPLEXER  OUTPUT 


MULTIPLEXER  OUTPUT 


Metallization  and  Pad  Layout 


Am54S/74S151 


Am54S/74S251 


1B 

D4 

D3 

1 

14 

°5 

D2 

2 

13 

D6 

£>1 

3 

12 

°7 

Do 

4 

11 

A 

Y 

5 

10 

W 

6 

B 

s 

7 

9 

C 

15  D4 


GND  8 
DIE  SIZE:  0.064"  X0.067" 
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Am54S/74S153  •  Am54S/74S253 

Dual  4-Line  To  1-Line  Data  Selectors/Multiplexers 


Distinctive  Characteristics 

•  Permits  multiplexing  from  N  lines  to  1  line. 

•  Performs  | 


conversion. 


•  Am54S/74S253  provides  three-state  outputs  for  data 
bus  organization. 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

These  dual  four-input  multiplexers  provide  the  digital  equiv- 
alent of  a  two-pole,  four  position  switch  with  the  position 
of  both  switches  set  by  the  logic  levels  supplied  to  the 
select  inputs  A  and  B.  Each  section  of  the  Am54S/74S1 53 
has  a  separate  active-LOW  enable  (strobe)  input  that  forces 
the  output  of  that  section  LOW  when  a  HIGH  level  is  ap- 
plied regardless  of  the  other  inputs. 

The  Am54S/74S253  features  a  three-state  output  to  inter- 
face with  bus-organized  systems.  Each  section  of  the 
Am54S/74S253  has  a  separate  active-LOW  output  control 
that  disables  the  output  driver  (high-impedance  state)  of 
that  section  when  a  HIGH  logic  level  is  applied  regardless 
of  the  other  inputs. 


LOGIC  SYMBOL 


10     11     12  13 


ICO    1C1  1C2 

1C3        ICQ    2C1    2C2  2C3 

1  — o 

1 G         DATA  1 

□ATA  2 

14   ■ 

A  SELECT 

Am54S/74S153 

B  SELECT 

Am54S/74S253 

15  O 

2G  OUTPUT 

OUTPUT 

1Y 

2Y 

I 

7 

~r 

9 

vcc  =  Pin  16 
GND  -  Pin  8 


LOGIC  DIAGRAM 


2G  2C3  2C2  2C1  2C0 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am54S/ 
74S153 
Order 
Number 


Am54S/ 
74S253 
Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0  C  to  +70  C 

0°C  to  +70°C 

0°C  to  +70°C 
-55°C  to  +125°C 
-55°C  to+125°C 
-55°C  to +125°C      SN54SI53X  SN54S253X 


SN74S153N  SN74S253N 

SN74S153J  SN74S253J 

SN74S153X  SN74S253X 

SN54S153J  SN54S253J 

SN54S153W  SN54S253W 


CONNECTION  DIAGRAM 
Top  View 


Vcc    2G     A     2C3    2C2   2C1    2C0  2Y 

nnnnnnnn 


!6     15     14      13      12      11      10  9 


1       2       3       4       5       6       7  8 

uuuuuuuu 

1G      B     1C3    1C2    1C1    ICO    IV  GND 


Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S153/S253 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 



-65°Cto+150°C 

Temperature  (Ambient]  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current  -30  mA  to  +5.0 mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am74S153.  Am74S253  T  A  =  0°  C  to +70°  C  Vcc  f  5.0  V  t  5%  (COM'U  MIN.  =  4.75V  MAX.  =  5.25  V 

Am54S153,  Am54S253  TA  =  -55°C  to  + 1 25° C  Vcc  =  5.0  V  +  1 0%  ( M  I  L)  MIN.  =  4.5V  MAX.  =  5.5V 

Parameters  Description  Test  Conditions  (Note  D  Min.         Typ.(Note2)         Max.  Units 


VOH 

Output  HIGH  Voltage 

54S153 

Vcc  -  MIN., 
V|M  =  V|H  or  V||_ 

Iqh  =  -1mA 

2.5 

3.4 

Volts 

74S153 

2.7 

3.4 

54S253 

l0H  =  -2mA 

2.4 

3.4 

74S253 

Iqh  =  —6.5  mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

VCC  =  MIN-  'OL  r  20mA 
V|N  ■  V|H  or  V|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN-  'IN  =  -18mA 

-1.2 

Volts 

'  1 1_ 

(Note  3) 

Unit  Load 

Input  LOW  Current 

Vcc  =  MAX.,  V|N  »  0.5  V 

-2 

mA 

'  IH 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  -  2.7V 

50 

MA 

Input  HIGH  Current 

VCC  -  MAX.,  V|N  =  5.5V 

1 

mA 

k> 

Off-State  (HIGH  Impedance) 
Output  Current 
Am54S/74S253  Only 

Vcc  "  MAX. 

V0  =  2.4V 

50 

MA 

V0  =  0.5V 

-50 

'sc 

Output  Short  Circuit  Current 
(Note  4) 

VCC  -  MAX.,  V0UT  =  0-0V 

-40 

-100 

mA 

'cc 

Power  Supply  Current 

VCC  -  MAX- 
(Note  5) 

S153 

45 

70 

mA 

S253 

55 

85 



Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  ~  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Ice  's  measured  with  all  outputs  open  and  all  inputs  grounded. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Data  to  Output 

6 

9 

ns 

«PHL 

6 

9 

tPLH 

Select  to  Output 

VCC  "  5-°V,  Rl  -  280S7,  CL  ■  15pF 

11.5 

18 

ns 

'PHL 

12 

18 

«PLH 

Strobe  to  Output 

S153 

10 

15 

ns 

tPHL 

S153 

9 

13.5 

tZH 

Output  Control  to  Output 

S253 

VCC  -  5.0V,  R[_  -  28012,  CL  =  15pF 

13 

19.5 

ns 

tZL 

S253 

14 

21 

«HZ 

Output  Control  to  Output 

S253 

VCC  ~  5  0  v.  RL  "  280fl,  CL  =  5pF 

5.5 

8.5 

ns 

'LZ 

S253 



9 

14 
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Am54S/74S153/S253 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Select 

Data 

S153 
Strobe 

S253 
Output 
Control 

S153 
Output 

S253 
Output 

B  A 

CO 

Cl 

C2 

C3 

G 

G 

Y 

Y 

X  X 

X 

X 

X 

X 

H 

H 

L 

Z 

L  L 

L 

X 

X 

X 

L 

L 

L 

L 

L  L 

H 

X 

X 

X 

L 

L 

H 

H 

L  H 

X 

L 

X 

X 

L 

L 

L 

L 

L  H 

X 

H 

X 

X 

L 

L 

H 

H 

H  L 

X 

X 

L 

X 

L 

L 

L 

L 

H  L 

X 

X 

H 

X 

L 

L 

H 

H 

H  H 

X 

X 

X 

L 

L 

L 

L 

L 

H  H 

X 

X 

X 

H 

L 

L 

H 



H 

I  1 

H  =  HIGH 
L  =  LOW 
Note:  A  &  S 


X  =  Don't  Care 
2  =  High  Impedance 
are  common  to  both  4  input  multiplexers. 


LOADING  RULES  (In  Unit  Loads) 


Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

1G 

1 

1 

— 

— 

B 

2 

1 

— 

1C3 

3 

1 

— 

— 

1C2 

4 

1 

— 

1C1 

5 

1 

— 

— 

ICO 

6 

1 



1Y 

7 

— 

20* 

:  o 

GND 

8 

- 

- 



2Y 

9 

— 

20* 

10' 

2C0 

10 

1 

2C1 



11 

1 

2C2 

12 

1 



2C3 

13 

1 

A 

14 

1 

2G 

15 

1 

vCC 

16 

A  Schottky  TTL  Unit  Load  is  defined  at  50uA  measured  at  2.7V 
HIGH  and  -2.0  mA  measured  at  0.5V  LOW. 


*  20  for  the  Am54S/74S1 53 
40  for  the  Am54S253 
130  for  theAm74S253 


DEFINITION  OF  FUNCTIONAL  TERMS: 


1Cj,  2Cj  Data  Inputs.  The  four  data  inputs  to  each  multi- 
plexer; i  =  0,  1,2,  and  3. 

1Y,  2Y  Multiplexer  Outputs.  The  output  of  each  four-input 
multiplexer. 

A,  B   Select  Inputs.  The  inputs  used  to  determine  which  of 
the  four  data  inputs  are  selected  for  the  output. 
G'  (Am54S/74S153)  Strobe.  An  active-LOW  strobe  used  to 
enable  the  output.  A  HIGH  level  input  forces  the  output  LOW 
regardless  of  the  other  inputs. 

G  (Am54S/74S253)  Output  Control.  An  active-LOW  three- 
state  control  used  to  enable  the  output.  A  HIGH  level  input 
forces  the  output  to  the  high-impedance  (off)  state. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown 
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Am54S/74S153/S253 


APPLICATIONS 


l_3  l_2  M         h    !2  '3 


1C0   1C1    1C2    1C3       2C0   2C1    2C2  2C3 


1Y  2Y 


1C0  1C1  1C2  1C3  2C0  2C1  2C2  2C3 
-Oj  1G 


Am54S/74S253 


Am54S/74S253  Dual  4-lnput  Multiplexer  in  a  Bus-Organized  System 


Metallization  and  Pad  Layout 


Am54S/74S153 


Am54S/74S253 

vcc 


15 

2G 

1G 

1 

14 

A 

B 

2 

13 

2C3 

1C3 

3 

12 

2C2 

1C2 

4 

11 

2C1 

1C1 

5 

10 

2C0 

1C0 

6 

9 

2Y 

1Y 

7 

GND 

DIE  SIZE:  0.059"  X  0.062" 


GND 

DIE  SIZE:  0.059"  X0.062" 
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Am54S/74S157  ^548/748158 ^1*93822 

Quadruple  2-Line  To  1-Line  Data  Selectors/  Multiplexers 


Distinctive  Characteristics 

•  Schottky  clamp  provides  improved  A  C  performance. 

•  Selects  four  of  eight  data  inputs  with  single  select 
line  and  over-riding  strobe. 




Inverting  or  non-inverting  data  output  configurations. 
100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

These  data  selectors/multiplexers  are  used  to  select  a  4-bit 
word  from  one  of  two  sources.  The  four  outputs  at  the 
Am54S/74S157«  Am93S22  present  true  data  with  respect 
to  the  input  data.  The  four  outputs  of  the  Am54S/74S158 
present  inverted  data  with  respect  to  the  inputs  and  also 
minimize  propagation  delay.  A  common  active-HIGH  strobe 
(active-LOW  enable)  is  provided  on  all  devices. 

A  single  select  line,  S,  is  used  to  select  one  of  the  two 
multiplexer  input  words.  When  the  select  is  LOW,  the  A 
input  word  is  present  at  the  output.  When  the  select  is 
HIGH,  the  B  input  word  is  present  at  the  output. 


LOGIC  SYMBOLS 


2     3     5     6    11    10   14  13 


2     3    5     6    11    10   14  13 


1A  IB   2A   2B  3A  3B  4A 


1Y        2Y        3Y  4Y 


1A  IB  2A  2B  3A  3B  4A 
Am54S/74S158 

3Y  4Y 


VCC  =  Pin  16 
GND  =  Pin  8 


TTTT 


vcc  =  pin  16 

GND  =  Pin  8 


Am54S/74S157  .  Am93S22 


LOGIC  DIAGRAMS 


Am54S/74S158 


4A  iHL. 


1131 

STROBE  G 


sJ->i=0 — 


ORDERING  INFORMATION 


Part 

Package 

Temperature 

Order 

Number 

Type 

Range 

Number 

Molded  DIP 

0°C  to  +70°C 

SN74S157N 

Hermetic  DIP 

0°C  to  +70°  C 

SN74S157J 

Am54S/ 

Dice 

0°C  to  +70°C 

SN74S157X 

74S157 

Hermetic  DIP 

-55°  C  to  +125°C 

SN54S157J 

Hermetic  Flat  Pak 

-55°C  to  +125°C 

SN54S157W 

Dice 

-55°Cto  +125°C 

SN54S157X 

Molded  DIP 

0°C  to  +70°  C 

SN74S158N 

Hermetic  DIP 

0°C  to  +70°C 

SN74S158J 

Am54S/ 

Dice 

0°C  to  +70°C 

SN74S158X 

74S158 

Hermetic  DIP 

-55°Cto+125°C 

SN54S158J 

Hermetic  Flat  Pak 

-55°C  to  +125°C 

SN54S158W 

Dice 

-55°Cto+125°C 

SN54S158X 

Molded  DIP 

0°C  to  +70°  C 

93S22PC 

Hermetic  DIP 

0°C  to  +70°C 

93S22DC 

Am93S22 

Dice 

0°C  to  +70°C 

93S22XC 

Hermetic  DIP 

-55°Cto  +125°C 

93S22DM 

Hermetic  Flat  Pak 

-55°Cto+125°C 

93S22FM 

Dice 

-55°Cto  +125°C 

93S22XM 

CONNECTIONS  DIAGRAMS 
Top  Views 


Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S157/158 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired)  


 -  

Storage  Temperature 

-65°Cto  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to +7  V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5Vto+5.5V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current   -30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S157,  Am74S158,  Am93S22XC  T A  =  0°  C  to  +  70°  C  Vcc  =  5.0  V  ±  5%  (COM'L)  MIN.  =  4.75V         MAX.  -5.25V 

Am54S157,  Am54S158,  Am93S22XM  TA  =  -55°  C  to  +  1 25°C          Vcc  =  5.0  V  ±  1  0%  ( M I  L)  MIN.  =  4.5V  MAX.  =  5.5V 

Parameters  Description  Test  Conditions  (Note  i )  Min.         Typ.(Note2)        Max.  Units 


V0H 

Output  HIGH  Voltage 

VCC  =  IVIIN.,  Iqh  =  _1  mA 
V|N  =  V|H  or  V | 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

Vcc  =  MIN.,  Iql  -  20mA 
VIN  =  VIH  °<  VIL 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

'lL 

(Note  3) 

Input  LOW  Current 

S  or  G 

VCC  =  MAX.,  V,N  =  0.5V 

-4 

mA 

A  or  B 

-2 

'IH 

(Note  3) 

Input  HIGH  Current 

S  or  G 

VCC  -  MAX.,  V,N=  2.7  V 

100 

)iA 

A  or  B 

50 

'l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5  V 

1 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  4) 

Vcc  ■  MAX.,  V0UT  "  0-0V 

-40 

-100 

mA 

■cc 

Power  Supply  Current 

VCC  -  MAX. 
(Note  5) 

S157 

50 

78 

mA 

SI  58 

39 

61 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type, 

2.  Typical  limits  are  at  Vqc  ~  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules), 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  'cC  is  measured  with  all  outputs  open  and  4.5  V  applied  to  alt  inputs. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Data  to  Output 

S157 

5 

7.5 

ns 

S158 

4 

6 

*PHL 

Data  to  Output 

S157 

4.5 

6.5 

ns 

SI  58 

4 

6 

«PLH 

Strobe  to  Output 

S157 

8.5 

12.5 

ns 

SI  58 

VCC  =  5.0V,  CL  -  15pF,  RL  =  280fi 

6.5 

11.5 

«PHL 

Strobe  to  Output 

S157 

7.5 

12 

ns 

S158 

7 

12 

*PLH 

Select  to  Output 

S157 

9.5 

15 

ns 

S158 

8 

12 

«PHL 

Select  to  Output 

S157 

9.5 

15 

ns 

S158 

8 

12 
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Am54S/74S157/158 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Strobe 

Select 

Data 

Data 

S157 

S158 

G 

S 

A 

B 

Y 

Y 

H 

X 

X 

X 

L 

H 

L 

L 

L 

X 

L 

H 

L 

L 

H 

X 

H 

L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

H 

L 

H  =  HIGH 
L  =  LOW 
X  =  Don't  Care 


JLES  (In  Unit  Loads) 

Fan -out 


nput/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

S 

1 

2 

— 

- 

1A 

2 

1 

- 

— 

IB 

3 

1 

- 

1Y 

4 

- 

20 

10 

2A 

5 

1 

- 

- 

2B 

6 

1 

- 

- 

2Y 

7 

- 

20 

10 

GIMD 

8 

- 

- 

- 

3Y 

9 

- 

20 

10 

38 

10 

1 

- 

- 

3A 

11 

1 

4Y 

12 

20 

10 

4B 

13 

1 

4A 

14 

1 

G 

15 

2 

vCc 

16 

A  Schottky  TTL  Unit 
2.7V  HIGH  and -2.0mA 


is  defined  as  50/iA  measured  at 
at  0.5V  LOW. 


DEFINITION  OF  FUNCTIONAL  TERMS 

IA,  2A,  3A,  4A  The  data  inputs  for  the  4-bits  of  the  A  word. 

IB,  2B,  3B,  4B  The  data  inputs  for  the  4-bits  of  the  B  word. 
1Y,  2Y  3Y,  4Y   The  four  outputs  of  the  multiplexer. 

G  Strobe  When  the  strobe  is  HIGH,  the  four  outputs  of  the 
Am54S/74S157  (Am93S22)  are  LOW  and  the  outputs  of  the 
Am54S/74S158  are  HIGH.  When  the  strobe  is  LOW,  the 
devices  are  enable  to  pass  data. 

S  Select  When  the  select  input  is  LOW,  the  A  word  is  present 
at  the  output.  When  the  select  input  is  HIGH,  the  B  word  is 
present  at  the  output. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown. 


I 
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Am54S/74S  157/1 58 


APPLICATION 


MULTIPLEXER  1  |  MULTIPLEXER  2 
0    8     1     9  |  0    8     I  9 


ni 

1  1  1 

G    1A  1B   2A  2B  3A  38  4A  4B 

Am54S/74S157 

Am93S22 
QUAD  2  INPUT 

1Y         2Y         3Y  4Y 

2     3     4     5     6  7 


Ao- 
A,  . 
A2. 
»3  - 


ll 


^  S    D0  O,  D2  D3  D4  D5  D6  D7 

Am54S/74S151 
I  8INPUT 

MULTIPLEXER 


2     3    4     5     6  7 


D0  Dt    D2  D3  DA  D5  D6  Dj 

Am54S/74S151 
I  8-INPUT 

MULTIPLEXER 


Dual  10-lnput  Multiplexer 

Two  10-input  multiplexers  are  shown  above  with  the  select  lines  common  to  the  two  multiplexers.  Inputs 
are  selected  by  an  8421  BCD  Address. 


Am54S/  74S160  •  Am54S/74S161 

BCD  Decade/Four-Bit  Binary  Counters 


Distinctive  Characteristics 

•  Fully  synchronous  counting 

•  Fully  synchronous  parallel  loading 

•  Edge-triggered  clock  action 


Advanced  Schottky  technology 

100%  reliability  assurance  testing  in  compliance  with 

MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S160  and  Am54S/74S161  are  fully  syn- 
chronous 4-bit  decimal  and  binary  counters.  With  the 
parallel  enable  (PE)  LOW,  data  on  the  P0-P3  inputs  is 
parallel  loaded  on  the  positive  clock  transition.  When  PE 
is  HIGH  and  both  count  enables  CEP  and  CET  are  also 
HIGH,  counting  will  occur  on  the  LOW-to-HIGH  clock 
transition. 

The  terminal  count  state  (1001  for  the  Am54S/74S160  and 
1111  for  the  Am54S/74S1 61 )  is  decoded  and  AN  Ded  with 
CET  in  the  terminal  count  (TC)  output.  If  CET  is  HIGH 
and  the  counter  is  in  its  terminal  count  state,  then  TC 
is  HIGH. 

reset  (MR).  A 
LOW  inde- 


Both  counters  have  an  asynchronous 
LOW  on  the  MR  input  forces  the  Q  outputs 
pendent  of  all  other  inputs.  The  only  requirements  on 
the  PE,  CEP,  CET  and  P0-P3  inputs  is  that  they  meet  the 
set-up  time  requirements  before  the  clock  LOW-to-HIGH 
transition. 


LOGIC  SYMBOL 


CEP 
CF.T 


VcC  "  Pi"  16 
GND  =  Pin  8 


LOGIC  DIAGRAMS 


Am54S/74S160 


Am54S/74S161 


ORDERING  INFORMATION 


Am54S/ 

Am54S/ 

74S160 

74S161 

Package 

Temperature 

Order 

Order 

Type 

Range 

Number 

Number 

Molded  DIP 

0°C  to  +75°  C 

SN74S160N 

SN74S161N 

Hermetic  DIP 

0°C  to  +75°  C 

SN74S160J 

SN74S161J 

Dice 

0°  C  to  +75°  C 

SN74S160X 

SN74S161X 

Hermetic  DIP 

-55°  C  to  +125°C 

SN54S160J 

SN54S161J 

Hermetic  Flat  Pak 

-55°Cto+125°C 

SN54S160W 

SN54S161W 

Dice 

-SS°C  to  +t25°c 

SN54S160X 

SN54S761X 

CONNECTION  DIAGRAM 
Top  View 

Vcc   TC    0(j     Q1     Q2    Q3    CET  PE 

nnnnnnnn 


16     15     14     13      12      11  10 


Am54S/74S160 
Am54S/74S161 


3       4       5  6 


uuuuuuuu 

MS     CP     P„     P,      P2     P3    CEP  GND 


Note:  Pin  1  is  marked  for  orientation. 


485 


Amc4C/7dCi  Kfl/<;1  fil 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 

Storage  Temperature 

-65°C  to  +1 50°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current  -30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S160X,  Am74Sl61X  T A  =  0° C  to  +  75°C  Vcc  =  5.0V  ±  5%  (COM'L)  MIN.  =  4.75V  MAX,  =  5.25V 

Am54S160X,  Am54S161  X  TA  =  -55°  C  to  + 1  25°  C  Vcc  -  5.0 V  ±  1 0%  (M I  L)  MIN.  =  4.5V  MAX.  =  5.5V 


Typ. 

Parameters  Description  Test  Conditions  (Note  1 )  Min.  (Note  2)  Max.  Units 


V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Ioh  =  —  1mA 
VIN  =  VIH  °r  V|L 

MIL. 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  "  MIN.,  I0L  =  20mA 
V|N  =  V|H  or  V|L 

0.35 

0.5 

Volts 

VlH 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  M\N..  I|N  =  -18mA 

-1.2 

Volts 

'IL 

(Note  3) 

Input  LOW  Current 

VCC  "  MAX., 
V|N  =  0.5V 

P;  MR;  CEP 

-2.0 

mA 

CET 

-3.0 

PE 

-4.0 

CP 

-5.0 

■lH 

(Note  3) 

Input  HIGH  Current 

VCC  -  MAX., 
V|N  =  2.7V 

P;  MR;  CEP 

50 

»iA 

CET 

75 

PE 

100 

CP 

125 

'1 

Input  HIGH  Current 

Vcc=  MAX.,  V|N  =  5.5V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  4! 

VCC  »  MAX. 

-40 

-65 

-100 

mA 

ice 

Power  Supply  Current 

VCC  "  MAX-  'Note  5' 

82 

127 

mA 

Notes:    1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0\/,  25°C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  {See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Outputs  open;  MR  =  OV;  all  other  inputs  HIGH. 


Metallization  and  Pad  Layouts 
Am54S/74S160  Am54S/74S161 
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Am54S/74Sl60/S161 

SWITCHING  CHARACTERISTICS  (TA  =  +25°) 

Parameters  Description  Test  Conditions 


Min. 


Typ. 


Max. 


Units 


fMAX 

Count  FrpQUBncy 

VCC  =  S.OV,  CL=  15  pF,  R(_  =  280J2 

70 

100 

MHz 

lPLH 

Clock  to  Q 

6 

9 

ns 

tPHL 

8.5 

13 

«PLH 

Clock  to  TC 

12 

18 

ns 

tpHL 

8 

12 

tPLH 

CET  to  TC 

6.5 

10 

ns 

tPHL 

6.5 

10 

tPHL 

MR  to  Q 

14 

20 

ns 

*s 

Recovery  Time  for  MR 
(inactive) 

6 

ns 

tpw 

Master  Reset  Pulse 
Width 

13 

ns 

Clock  Pulse  Width  HIGH 

6 

ns 

Clock  Pulse  Width  LOW 

10 

t, 

Data  to  Clock 

8 

ns 

th 

0 

PE  to  Clock 

16 

ns 

«h 

0 

CEP  or  CET  to  Clock 

12 

ns 

th 

0 

APPLICATIONS 
SYNCHRONOUS  MULTISTAGE  COUNTING  USING  CET  INPUT  ONLY 


PE     P0      P,     P2  P3 


CE-.P 


MR     Qq      Qj     Qj  Q3 


0  n      "7  ^3 

CET  Tl 
CP 

MR     QQ  O,      Q2  Q3 


PE     P0     P,      P2  P3 


CFP 
CET 


MR    Q0     Q,     Q2  Q3 


PE     P0      P,      P2  P3 


CEP 
EE  5 


MR    Qq     Qt     Q2  Q3 


TTTT 


TO  MORE 

SIGNIFICANT 

STAGES 


FASTER  SYNCHRONOUS  MULTISTAGE  COUNTING  USING  CET  AND  CEP  INPUTS 


PE      Pq  P, 

P2  P3 

CEP 

CET 

TC 

CP 

MR    Qq  Of 

Q2  Q3 

TTTTT 


MR     Qq     Q,     Q2  Q3 


cPE  P0  P,  P2  P3 
CET  T 


MR     Oq    Q,     Q-j  Q-t 


CET 

CP 
MR  Qq 


Qf    Q,  Q-j 


TTTT 


TO  MORE 

SIGNIFICANT 

STAGES 

IUP  TO  TOTAL) 
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Am54S/74S160/S161 


DEFINITION  OF  FUNCTIONAL  TERMS 

PE  Parallel  Enable.  When  PE  js_LOW,  the  parallel  inputs,  P0 
through  P3,  are  enabled.  When  PE  is  HIGH,  the  count  function 
is  possible. 

CEP  Count  Enable  Parallel.  CEP  is  one  of  the  count  enable 
inputs  that  must  be  HIGH  for  the  counter  to  count. 
CET  Count  Enable  Trickle.  CET  is  one  of  the  count  enable 
inputs  that  must  be  HIGH  for  the  counter  to  count.  In  ad- 
dition, CET  is  included  in  the  TC  output  gate  and  must  be 
HIGH  for  TC  to  be  HIGH. 

CP  Clock  Pulse.  Causes  the  required  output  change  on  the 
LOW-to-HIGH  transition  (Edge-triggered). 
MR   Master  Reset.  When  the  asynchronous  master  reset  is 
LOW,  the  Qo  through  Q3  outputs  will  be  LOW  regardless  of 
the  other  inputs. 

Po.  Pi.  P2.  P3  The  parallel  data  inputs  for  the  four  internal 
flip-flops. 

Qq,  Qj  ,  Q2,  Q3   The  four  parallel  outputs  from  the  counter. 
TC  Terminal  Count.  The  terminal  count  output  will  be  HIGH 
for  CET  HIGH  and  binary  nine  on  the  Am54S/74S160  or  CET 
HIGH  and  binary  15  on  the  Am54S/74S161. 


LOADING  RULES  (In  Unit  Loads) 

Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

MR 

1 

1 

CP 

2 

2.5 

Po 

3 

1 

Pi 

4 

1 

p2 

5 

1 

p3 

6 

1 

CEP 

7 

1 

GND 

8 

PE 

9 

2 

CET 

10 

1 .5 

u3 

^  ^ 

1  0 

Q2 

12 

20 

10 

Q1 

13 

20 

10 

Qo 

14 

20 

10 

TC 

15 

20 

10 

vCc 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50nA  measured  at 
2.7V  HIGH  and  -2.0mA  measured  at  0.5V  LOW. 

FUNCTION  TABLE 


INPUTS 

OUTPUTS 

CP 

MR 

PE 

CEP 

CET 

PO 

P1 

P2 

P3 

Qo 

0.1 

Q2 

0-3 

X 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

t 

H 

L 

X 

X 

°0 

D1 

D2 

D3 

Do 

°1 

D2 

D3 

t 

H 

H 

L 

L 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

t 

H 

H 

L 

H 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

t 

H 

H 

H 

L 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

t 

H 

H 

H 

H 

X 

X 

X 

X 

COUNT 

H  -  HIGH 
L  =  LOW 
X  =  Don't  Care 


NC  =  No  Change 

D,  may  be  either  HIGH  or  LOW 

t  LOW-to-HIGH  Transition 


TERMINAL  COUNT  (TC)  TRUTH  TABLE 


Am54S/74S160 

Am54S/74S161 

TC 

CET 

Qo 

Ql 

Q2 

Q3 

CET 

Qo 

Q1 

Q2 

Q3 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

L 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

X 

L 

X 

X 

X 

L 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

L 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

X 

L 

X 

X 

X 

X 

L 

L 

H  =  HIGH 
L  —  LOW 
X  =  Don't  Care 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:   Actual  current  flow  direction  shown. 


Am54S/74S174  -Am54S/74S175 


Hex/Quadruple  D-Type  Flip  Flops  With  Clear 


Distinctive  Characteristics 

•  4-Bit  and  6-Bit  high-speed  parallel  registers. 

•  Common  clock  and  common  clear. 


•  Positive  edge-triggered  D  flip-flops 

•  100%  reliability  assurance  testing  in  compliance  with 


MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S1 74  is  a  six-bit,  high-speed  register  and 
the  Am54S/74S1 75  is  a  four-bit,  high-speed  register  built 
using  advanced  Schottky  technology.  The  registers  consist 
of  D-type  flip-flops  with  a  buffered  common  clock  and  an 
asynchronous  active  LOW  buffered  clear. 
When  the  clear  is  LOW,  the  Q  outputs  are  LOW  independent 
of  the  other  inputs.  Information  meeting  the  set-up  require- 
ments of  the  D  inputs  is  transferred  to  the  Q  outputs  on  the 
positive-going  edge  of  the  clock  pulse. 


LOGIC  SYMBOLS 


3       4        6       11      13  14 


D0     D]     D2     D3     D4  D5 

Am54S/74S174 
6-BIT  REGISTER 

Oq     Qt     Q2     Q3     Q4  Q5 


5       7      10     12  15 


TTTTT 


2       6     7      11  10 


14  15 


GND  -  Pin  8 


->o- 


pr  ,  I  p 


LOGIC  DIAGRAMS 
Am54S/74S174 

D2 


CP  D 


0.1 


0.3 


Am54S/74S175 


EI 


CP  D 

D 

Q  Q 


CP  D 
Q  Q 


CP  D 

:d 

5  0 


CP  D 

D 

Q  0 


Qo  Qo 


Q,  Q, 


Q2  Q2 


Q3  03 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am54S/ 
74S1  74 
Order 
Number 


Am54S/ 
74S175 
Order 
Number 


Molded  DIP  0°Cto+70°C 

Hermetic  DIP  0°C  to  +70°C 

Dice  0°C  to  +70°C 

Hermetic  DIP  -55°C  to  +1 25°C 

H.rmetic  Flat  Pok  -55°C  to  +1 2S°C 

Dice  -55°C  to+125°C 


SN74S174N 

SN74S174J 

SN74S174X 

SN54S174J 

SN54S1  74W 

SN54S174X 


SN74S175N 
SN74S175J 
SN74S175X 
SN54S175J 
SN54S175W 
SN54S175X 


CONNECTION  DIAGRAMS 
Top  Views 


Vcc    Q5     D5     D4     Q4     D3    Q3  CP 

nnnnnnnn  nnnnnnnn 


VCC    Q3     °3     D3     D2    Q2     °2  CP 


uuuuuuuu  LJUUUUUUU 

CT     Qq     D0     D,     O,     D2    Q2   GND  CL     Qq    Oq     Dq     D,     Q,     Q,  GND 

Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S174/175 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired)  


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCc  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S174,  Am74S175  TA  =  o"C  to  +70° C  Vcc  -  5.0 V  ± 5%  (COW L)       MIN.  -4.75V        MAX.  =  5.25V 

Am54S174.  Am54S175  TA  =  -55°C  to  + 1  25°C        Vcc  -  5. 0  V  ±  1 0%  (Ml  L)  MIN.  =  4.5V  MAX.=  5.5V 


Parameters 

Description 

Test  Conditions  (Note  1) 

Min. 

Typ.lNote  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

VCC  =  MIN.,  I0H=  -1mA 

74S 

2.7 

3.4 

Volts 

V!N  =  Vm  or  V|L 

54S 

2.5 

3.4 

vol 

Output  LOW  Voltage 

VCc  "  MIN.,  Iol  "  20  mA 
V|N  "  V|H  or  V|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage 
for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW  voltage 
for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCc  =  MIN.,  I|N= -18mA 

-1.2 

Volts 

l|L 

(Note  3) 

Unit  Load 

Input  LOW  Current 

VCC  =  MAX.,  V|N  =0.5V 

-2 

mA 

l|H 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCC  *  MAX.,  V|N  =  2.7V 

50 

MA 

l| 

Input  HIGH  Current 

Vcc  f  MAX.,  V|N  m  5.5  V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  4) 

VCC  =  MAX.,  V0UT  -  0.0  V 

^0 

-100 

mA 

ice 

Power  Supply  Current 
(Note  5) 

VCC  "  MAX- 

S174 

90 

144 

mA 

S175 

60 

96 

Notes:  1.   For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^c  =  5.0V,  2B°C  ambient  and  maximum  loading, 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  All  outputs  open  and  4.5V  applied  to  the  data  and  clear  inputs.  Measured  after  a  momentary  ground,  then  4.5V  applied  to  the  clock  input. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

»PLH 

Clock  to  Output 

8 

12 

lPHL 

11.5 

17 

ns 

«PLH 

10 

15 

'PHL 

13 

22 

ns 

*pw 

Pulse  Width 

Clock 

7 

Clear 

VCC  =  5.0V,  CL  =  15pF,  RL  =  280O 

10 

ns 

's 

Data  Set-up  Time 

5 

ns 

ts 

Set-up  Time.  Clear  Recovery  (in-activel 
to  Clock 

5 

ns 

»h 

Data  Hold  Time 

3 

ns 

'MAX 

Maximum  Clock  Frequency 

75 

110 

MHz 
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Am54S/74S174  LOADING  RULES  (In  Unit  Loads) 

Fan-out 
Input       Output  Output 
Input/Output     Pin  No.'s     Unit  Load  HIGH 

cL  11- 


Do 


D1 


20 


10 


°3 


9 
10 
11 


°4 


12 


D4 


13  1 


D5 


Q5 


10 


vcc 


16 


Am54S/74S175  LOADING  RULES  (In  Unit  Loads) 

Fan-out 
Input       Output  Output 
Input/Output     Pin  No.'s     Unit  Load      HIGH  LOW 


CL 


1 


o-o 


10 


o-o 


20 


10 


DO 


Dl 


0-1 


20 


10 


Qi 


10 


GND 


CP 
Q2 


10 


20 


Q2 
D2 


11 
12 


10 
10 


D3 


13 


°3 


14 


20 


Q3 


15 


20 


10 
10 


VCC 


16 


)N  TABLE 


INPUTS 


Clear 


Clock 


OUTPUTS 


L 

NC 
NC 

L 

H 


H 

NC 
NC 

H 

L 


DEFINITION  OF  FUNCTIONAL  TERMS 

Dj   The  D  flip-flop  data  inputs. 

CL  Clear.  When  the  clear  is  LOW,  the  Qi  outputs  are  LOW, 
regardless  of  the  other  inputs.  When  the  clear  is  HIGH,  data 
can  be  entered  in  the  register. 

CP  Clock  pulse  for  the  register.  Enters  data  on  the  positive 
transition. 

Qj   The  TRUE  register  outputs. 

Qj   The  complement  register  outputs. 


H  =  HIGH  X  =  Don't  Care 

L  =  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  Transition 
Note:  Q|  on  Am54S/74S175  only 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:   Actual  current  tlow  direction  shown. 
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MSB  - 
2  MSB  - 


3  MSB  - 
3  LSB  " 
2  LSB  - 
LSB  - 


r 


Cn*4 

Ai 

°3 

>2 

A2 

°2 

B1 

s 

°1 

A] 

B0 

°0 

A0 

c 

( 

> 

{ 

} 

'B3 

A3 

Q3 

B2 

A2 

Q, 

B1 

Q| 

At 

< 

°0 

Ao 

C 

c 

! 

< 

> 

«3 

Cn+4 

A3 

°3 

*2 

Aj 

Bl 

»1 

BO 

'■■'0 

AO 

C 

? 

vcc 


CK  CLR 


12-BIT 
>-  OUTPUT 
WOHD 


(Am54S/74S181  in  ADD  mode) 


6-Bit  Input,  Integrate  and  Dump  for 
Magnitude-Only  Arithmetic  (65  samples  min.  before  overflow) 


Am54S/74S174 


Metallization  and  Pad  Layouts 


It 

Vcc 

CL 

15 

°5 

°0 

2 

D5 

13 

D4 

°0 

3 

12 

°4 

4 

°3 

it 

°1 

5 
6 

10 

°3 

o, 

7 

9 

CP 

GND 

8 

Am54S/74S175 


DIE  SIZE:  0.070"  X0.083" 


DIE  SIZE:  0.067"  X  0.073" 
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Am54S/74S181 

Four-Bit  Arithmetic  Logic  Unit/Function  Generator 


Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  Performs  16  arithmetic  operations  including  add,  sub- 
tract, double  and  compare. 

•  Performs  all  16  possible  logic  operations  of  two 
variables  in  typically  1 1ns. 


Typical  4-bit  add  time  is  11ns  and  carry  time  is  6ns. 
Full  look-ahead  capability  for  high-speed  arithmetic 
operation  on  long  words. 

100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL 

The  Am54S/74S181  is  a  4-bit,  high-speed  parallel  Arithmetic 
Logic  Unit  (ALU)/Digital  Function  Generator.  When  the 
mode  control  (M)  is  LOW  the  16  arithmetic  operations  are 
performed  under  the  control  of  the  four  select  inputs. 
When  the  mode  control  is  HIGH  the  sixteen  logic  opera- 
tions are  performed  on  an  individual  bit  basis  between  the 
two  4-bit  parallel  words  under  the  control  of  the  four- 
select  inputs. 

An  internal  full  look-ahead  carry  scheme  is  used  for  high- 
speed arithmetic  operations  and  provision  is  made  for 
further  look-ahead  by  including  both  carry  propagate  (P) 
and  carry  generate  (G)  outputs. 


DESCRIPTION 

An  open  collector  output  A  =  B  is  used  to  signal  the 
equivalence  of  the  two  parallel  words.  The  open  collector 
feature  allows  for  the  equivalence  function  to  be  expanded 
as  a  wired-AND  connection  for  larger  word  lengths. 


In  many  systems,  the  carry  output  Cn+4  is  connected  to 
the  next  higher  Cn  to  provide  ripple  block  arithmetic.  The 
ALU  can  be  used  with  either  active  HIGH  or  active  LOW 
inputs  and  can  be  ripple  expanded  or  full  look-ahead  ex- 
panded in  either  mode.  The  connection  pattern  is  identical 
for  either  logic  representation. 


LOGIC  DIAGRAM 


°  <W4  0 


LOGIC  SYMBOLS 

ACTIVE  LOW 
2     1       23    22     21    20     19  18 


IllXJLXlX 


t    t    t  T 


io  11 

ACTIVE  HIGH 
2     1       23  22     21  20 


"0   D0     "1  "1     "2  "2     A3  "3 


Am54S/74SI81 


vcc  =  Pin  24 
GND  =  Pin  12 


Package 
Type 


ORDERING  INFORMATION 


Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0° C  to  +70°C 
0°C  to  +70°  C 
0°C  to  +70°C 
-55°C  to  +125°  C 
-55°Cto+125°C 
-55°C  to  +125°  C 


SN74S181  N 

SN74S181J 

SN74S181X 

SN54S181J 

SN54S181W 

SN54S181X 


CONNECTION  DIAGRAM 
Top  View 

VCC   S1     *1     *2    ¥2     *3    ^3     °    cn*4   7    *-»  ^3 

nnnnnnnnnnnn 


24      23     22     21      20      19      18      17      16     15      14  13 


1       2       3       4       5       6  7 


9      10      11  12 


uuuuuuuuuuuu 

B0     A0     S3     s2     s1     s0     cn      M     ^0     F1      F2  GND 

Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S181 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  24  to  Pin  12)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current  — 30mA  to +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  otherwise  noted) 

Am74S181  T A  -  0° C  to  +70° C  Vcc  =  5.0V  ±5%  (COM' L)  MIN.  =  4.75V  MAX.  =  5. 25V 

Am54S181  T A  =  -  55°  C  to  + 1  25°  C  Vcc  =  5.0V  1 1  0%  ( Ml  L)  MIN.  -4.5V  MAX.  =  5.5V 


Typ. 


Parameters 

Description 

Test  Conditions  (Not 

5  1 ) 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  —  1  mA 

54S 

2.5 

3.4 

Volts 

(Except  A=B  Output) 

V|N  "  V|H  °r  V|L 

74S 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN.,  I0L  *  20mA 
V|N  =  V|H  or  V|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage 
for  all  inputs 

2 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW  voltage 
for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCc  =  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

•oh 

Output  HIGH  Current  for  A=B  Output 

VCC  «  MIN.,  V0H  "  5.5V 
V|N  «  V|H  or  V|L 

250 

uA 

M 

-2 

IlL 

Input  LOW  Current 

A;  or  Bj 

VCC  =  MAX.,  V|N  =  0.5V 

-6 

mA 

(Note  3) 

Si 

-8 

Cn 

-10 

M 

50 

'IH 

Input  HIGH  Current 

A  j  or  B  j 

VCC  "  MAX.,  V|N  =  2.7V 

150 

MA 

(Note  3) 

Si 

200 

cn 

250 

'l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5V 

1 

mA 

•sc 

Output  Short  Circuit  Current 
(Note  4)  (Except  A  =  B  Output) 

VCC  =  MAX- 

-40 

-100 

mA 

VCC  =  MAX- 

120 

180 

mA 

ICC 

Power  Supply  Current  (Note  5) 

Vcc  "  MAX.,  TA  ■  125°C 
Am54S  Flat  Package  (W)  Only 

159 

mA 

Notes:   1.   For  conditions  shown  as  MtN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  tvpe. 

2.  Typical  limits  are  at  VqC  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  \qq  is  measured  under  two  conditions  —  typ.  and  max.  apply  to  both. 

A.  Sj,  M,  Aj  at  4.5V;  all  other  inputs  grounded;  outputs  open. 

B.  Sj,  M  at  4.5V;  all  other  inputs  grounded;  outputs  open. 
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Am54S/74S181 

SWITCHING  CHARACTERISTICS  (VCc  =  5V.  TA  =  25°C,  CL  =  15  pF,  RL  =  28<K2) 


Parameter 

From  (Input) 

To  (Output) 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Cn 

Cn+4 

5 

10  5 

ns 

*PHL 

7 

10.5 

«PLH 

Cn  f=i 

M  =  OV 

7 

12 

ns 

'PHL 

{SUM  or  DIFF  mode) 

6 

12 

'PLH 

A,  orlj  G 

M  =  OV,  So  =  S3  =  4.5V, 

8 

12 

ns 

«PHL 

C  =  Cn  =  fl\/  fCl  IM  mnHol 
01      on     u v  \olmvi  muucf 

7 

1 2 

'PLH 

Aj  or  Bj 

G 

m  —  nw  c«  —  c-  —  r\\t 
M  —  uv, oq     03  —  UV, 

10 

15 

ns 

'PHL 

C4  m  9o  =  A         (HIPP  mruHol 
oy     02     h.dv  luirr  mode ) 

10 

15 

•PLH 

Aj  or  Bj 

P 

M  —  n\/    Q „  --  c_  _  a  cw 
M  —  U  V  ,            03  —  *t.OV, 

7.5 

12 

ns 

'PHL 

C  =  C«  -  ftV  fCl  IM  mnHol 

7.5 

12 

'PLH 

Aj  or  Bj 

~P 

IVI      UV,  OQ      03  uv, 

10 

15 

ns 

'PHL 

C-  —  Q—  —  A          /niPP  mnHol 

10.5 

15 

'PLH 

Aj  or  l5j 

Fjfl>M 

M  =  n\/   C«  =  Co  =  4  R\/ 
IVI      UV,  jQ      03              V  , 

10 

16.5 

ns 

«PHL 

C   —  C ~  —  nV/  /CI  IM  mnHal 

—  02          tbuivi  moaei 

7 

16.5 

'PLH 

Aj  or  ¥j 

Fj(i>i) 

m  —  nw  Cn  —  c«  —  nw 
IVI     UV,  oQ     03  «v. 

12 

20 

ns 

'PHL 

C.  —  C_  -  A  c\t  |niPP  mnHol 
01      02     t.ov  luirr  riioucf 

9 

22 

'PLH 

Aj  or  Bj 

F»+1 

M  =  OV,  S0  =  S3  =  4.5V, 

1 1 

16.5 

ns 

*PHL 

Si  -  S2  -  OV  (SUM  mode) 

11 

16.5 

'PLH 

Aj  or  Bj 

M  =  OV,  So  -  S3  -  OV, 

14 

20 

ns 

'PHL 

01  -  S2  -  4.5V  (DIFF  mode) 

14 

22 

'PLH 

Aj  or  Bj  Fj 

M  =  4.5V  (LOGIC  mode) 

12 

20 

ns 

'PHL 

9 

22 

'PLH 

Aj  or  Bj 

Cn+4 

M  -  OV,  So  =  S3  =  4.5V, 

12.5 

ns 

'PHL 

S,  =  S2  -  OV  (SUM  mode) 

12.5 

18.5 

'PLH 

Aj  or  ¥j 

Cn+4 

M  =  OV,  S0  =  S3  *  OV, 

14 

23 

ns 

'PHL 

Si  =  S2  =  4.5V  (DIFF  mode) 

15 

23 

'PLH 

Aj  or  Bj 

A=  B 

M  =  OV,  So  -  S3  =  OV, 

15 

23 

ns 

'PHL 

Si  =  S2  =  4.5V  (DIFF  mode) 

19 

30 

OPERATION  TABLE 


CONTROL  INPUTS 

ACTIVE  LOW  INPUTS  AND  OUTPUTS 

ACTIVE  HIGH  INPUTS  AND  OUTPUTS 

s0 

Si 

S2 

S3 

Arithmetic  (M  =  L,  C„  =  L) 

Logic  (M  =  H) 

Arithmetic  (M  =  L,  Cn  =  H) 

Logic  (M  =  H) 

L 

L 

L 

L 

A  minus  1 

A 

A 

A 

H 

L 

L 

L 

AB  minus  1 

AB 

A  +  B 

A+B 

L 

H 

L 

L 

AB  minus  1 

A  +  B 

A  +  B 

AB 

H 

H 

L 

L 

minus  1  (2's  comp.) 

Logic  'V 

minus  1  (2's  comp.) 

Logic  '0' 

L 

L 

H 

L 

A  plus  [A  +  B] 

A  +  B 

A  plus  AB 

AB 

H 

L 

H 

L 

AB  plus  [A  +  B] 

B 

AB  plus  [A  +  B] 

I 

L 

H 

H 

L 

A  minus  B  minus  1 

A  ffl  B 

A  mhus  B  minus  1 

A®  B 

H 

H 

H 

L 

A+B 

A  +  B 

AB  minus  1 

AB 

L 

L 

L 

H 

A  plus  [A  +  B] 

AB 

A  plus  AB 

A  +  B 

H 

L 

L 

H 

A  plus  B 

AffiB 

A  plus  B 

A®  B 

L 

H 

L 

H 

AB  plus  [A  +  B] 

B 

AB  plus  [A  +  B] 

B 

H 

H 

L 

H 

A  +  B 

A  +  B 

AB  minus  1 

AB 

L 

L 

H 

H 

A  plus  A  (2  x  A) 

Logic  '0' 

A  plus  A  (2  x  A) 

Logic  'V 

H 

L 

H 

H 

A  plus  AB 

AB 

A  plus  [A  +  B] 

A+B 

L 

H 

H 

H 

A  plus  AB 

AB 

A  plus  [A  +  B] 

A+B 

H 

H 

H 

H 

A 

A 

A  minus  1 

A 

L  ■  LOW  Voltage  Level 
H  =  HIGH  Voltage  Level 
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DEFINITION  OF  FUNCTIONAL  TERMS 

Ao,  Ai,  A2,  A3  The  A  data  inputs. 
Bo,  Bi,B2,  B3  The  B  data  inputs. 

So,  S-|i  S2,  S3  The  control  inputs  used  to  determine  the 
arithmetic  or  logic  function  performed. 

F0-  F1.  F2.  F3  Tne  data  outputs  of  the  ALU. 
M   The  mode  control  inputs  used  to  select  either  the  arith- 
metic or  logic  operations. 
Cn   The  carry-in  input  of  the  ALU. 

Cn+4  The  carry-look-ahead  output  of  the  four-bit  input  field. 
G  The  carry-generate  output  for  use  in  multi-level  look- 
ahead  schemes. 

P  The  carry-propagate  output  for  use  in  multi-level  look- 
ahead  schemes. 

A  =  B  The  open  collector  comparator  output  that  can  be  used 
to  determine  equivalence.  This  output  is  HIGH  whenever  the 
four  F  outputs  are  HIGH. 


USER  NOTES 

1.  Throughout  this  data  sheet,  the  active  LOW  input  and 
output  terminology  has  been  used.  For  the  active  HIGH 
definition,  the  nomenclautre  shown  under  the  active 
HIGH  logic  symbol  should  be  substituted. 

2.  Arithmetic  operations  are  performed  on  a  word  basis. 

3.  Logic  operations  are  performed  on  a  bit  basis. 

4.  Arithmetic  in  1's  complement  notation  requires  an  end 
around  carry. 

5.  Subtraction  in  2's  complement  notation  requires  a  carry 
in  (Cn  =  HIGH)  for  the  active  LOW  case  and  (Cn  =  LOW) 
for  the  active  HIGH  case. 

6.  The  A  =  B  output  only  indicates  that  the  four  F  outputs 
are  all  HIGH. 


LOADING  RULES  (In  Unit  Loads) 

Output  Drive 


1  n  ni  it/Oii  +  niit 
1  ft  \JU  L/  KJ\J  l(JU  L 

Pin  No *s 

Input 

Output 
HIGH 

Output 
LOW 

B0 

1 

3 

— 

— 

AO 

2 

3 

— 

— 

S3 

3 

4 

— 

— 

s2 

4 

4 

— 

— 

Si 

5 

4 

- 

- 

so 

6 

4 

- 

- 

Cn 

7 

5 

- 

- 

M 

8 

1 

_ 

- 

F0 

9 

_ 

20 

10 

F1 

10 

_ 

20 

10 

F2 

11 

20 

10 

GND 

12 

_ 

_ 

_ 

F3 

13 

_ 

20 

10 

A  =  B 

14 

— 

O/C 

10 

P 

15 

20 

10 

Cn+4 

16 

_ 

20 

10 

G 

17 

_ 

20 

10 

B3 

18 

3 

- 

- 

A3 

19 

3 

B2 

A2 

21 

3 

% 

22 

3 

A1 

23 

3 

vCc 

24 

O/C  =  Open  Collector 

A  Schottky  unit  load  is  defined  as  50^A  measured  at  2.7V  HIGH 
and  -2.0  mA  measured  at  0.5V  LOW. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


A  =  B  OUTPUT 


DRIVING  OUTPUT 
(Except  A  =  B) 


DRIVEN  INPUT 


~!hs         '    J>  Mol 


Note:    Actual  current  flow  direction  shown. 
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Input 
Under  Test 

Other  Input 
Same  Bit 

Other  Data  Inputs 

Output 

Output 

Parameter 

Apply  4.5V 

Apply  OV 

Apply  4.5V 

Apply  OV 

Under  Test 

Waveform 

•PHL 

A. 

None 

Remaining  A  and  B 

Cn 

Piti>i> 

In 
Phase 

•PLH 

B, 

- 

None 

Remaining  A  and  B 

Cn 

Fj<j.>j, 

In- 

tPHL 

1 

 P_^l  

*PLH 
•PHL 

Ai 

li 

None 

Cn 

Remaining  A  and  B 

In- 

 Phase  

'PLH 

B; 

Ai 

None 

Cn 

Remaining  A  and  B 

Fi+1 

In- 

'PHL 

Phase 

'PLH 

None 

None 

Remaining  A  and  B,  Cn 

P 

In- 

'PHL 

A; 

B, 

'PLH 

- 
Aj 

None 

None 

Remaining  A  andB.Cn 

P 

In- 

'PHL 

Bj 

Phase 

'PLH 

Ai 

None 

Bj 

Remaining  B 

Remaining  A,  Cn 

G 

In- 

'PHL 

'PLH 

None 

Aj 

Remaining  B 

Remaining  A,  Cn 

G 

ln- 

'PHL 

B| 

'PLH 

Ai 

None 

Bi 

Remaining  B 

Remaining  A,  Cn 

Cn+4 

Out-of- 

'PHL 

 ~~  

B"i 

None 

Ai 

Remaining  B 

Remaining  A,  Cn 

Cn+4 

'PHL 

Phase 

'PLH 

Cn 

None 

None 

All  A 

All  B 

Anv  F 

In- 

'PHL 

or  Cn+4 

Phase 

DIFF  MODE  TEST  TABLE 

FUNCTION  INPUTS:  S,  =  S2  =  4.5V,  S0  =  S3  =  M  =  OV 


LOGIC  MODE  TEST  TABLE 

FUNCTION  INPUTS:  S-\  =  S2  =  M  =  4.5V,  S0  =  S3  =  OV 


Other  Input 
Same  Bit 

Other  Data  Inputs 

Output 
Under  Test 

Output 
Waveform 

Parameter 

Under  Test 

Apply  4.5V 

Apply  OV 

Apply  4.5V 

Apply  OV 

'PLH 

None 

Remaining  A 

Remaining  B,  Cn 

fVi>i> 

ln- 

'PHL 

Ai 

Bi 

Phase 

«PLH 

!] 

Ai 

None 

Remaining  A 

Remaining  B,  Cn 

?j(j>j) 

Out-of- 

•PHL 

Phase 

«PLH 

Aj 

None 

Bj 

Remaining  B,  Cn 

Remaining  A 

Fi+1 

ln- 

•PHL 

Phase 

•PLH 

Bi 

Ai 

None 

Remaining  B,  Cn 

Remaining  A 

Out-of- 

•PHL 

Phase 

'PLH 

Ai 

None 

Bi 

None 

Remaining  A  and  B.  Cn 

P 

h> 

'PHL 

Phase 

'PLH 

None 

Out-of- 

■PHL 

Bi 

Ai 

Phase 

'PLH 

Ai 

Bi 

None 

None 

Remaining  A  and  B,  Cn 

G 

Irv 

•PHL 

Phase 

'PLH 

Bi 

Aj 

None 

Remaining  A  and  B,  Cn 

G 

Out-of- 

'PHL 

Phase 

•PLH 

Ai 

None 

Remaining  A 

Remaining  B,  Cn 

A  =  B 

In- 

'PHL 

Bi 

Phase 

'PLH 

None 

Remaining  A 

Remaining  B,  Cn 

A  =  B 

Out-of- 

'PHL 

Bi 

Aj 

Phase 

•PLH 

Ai 

None 

Remaining  A  and  B,  Cn 

Cn+4 

Out-of- 

«PHL 

Bj 

None 

Phase 

•PLH 

Bi 

None 

Ai 

None 

Remaining  A  and  B,  Cn 

Cn+4 

In- 

•PHL 

Phase 

•PLH 

Cn 

None 

None 

All  A  and  B 

None 

Any  F 

In- 

•PHL 

or  Cn+4 

Phase 

Parameter 

Input 
Under  Test 

Other  Input 
Same  Bit 

Other  Data  Inputs 

Output 
Under  Test 

Output 
Waveform 

Apply  4.5V 

Apply  OV 

Apply  4.5V 

Apply  OV 

*PLH 

Ai 

Bj 

None 

None 

Remaining  A  and  B,  Cn 

Fj 

Out-of- 
Phase 

tPHL 

tpLH 

Bj 

Aj 

None 

None 

Remaining  A  and  B,  Cn 

Fj 

Out-of- 

tPHL 
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APPLICATIONS 

12-Bit  Adder /Subtracter 
(2's  Complement) 


H  =  ADD   

L -  SUBTRACT 


-WV- 


A0  B0     A,  B,      A2  B2     A3  83 


A„  B0     A,    B,     A,  B2     A3  B3 


1 


Am54S/74S181 


F0      F1       f2  f3 


A4  B4      A5  B5  Bg     A7  B7 


A0  B0     A1  81     A2  B2     A3  1 


Am54S/74S181 


Fn       F 1        F,  F, 


"a 


Y0       Y1       Y2  Y3 


A9  B9  A10  B10  A11  B11 


.  Ao  Bo 
So 

51 

A,    B,     A2  B2     A3  B3  ^ 

s2 

Am54S/74S181 

S3 

Cn 

A  =  B 

cn+4 

F0       Fl        F2  F3 

1 


Y4      YS      Y6  Y7 


Y8      Y9      Y10  Y11 


If  one  input  is  defined  active— HIGH  and  the  second  input 
is  defined  active— LOW,  the  sixteen  arithmetic  and  logic 
functions  of  the  ALU  are  reordered  as  shown  in  the 
function  table. 


«IT 
ALU 
SELECT  " 


Function  Table 
A  =  Active  HIGH      B  =  Active  LOW 


L  =  Low  Voltage  Level 
H  =  High  Voltage  Level 


So  S,  S2  S3 

Arithmetic  (M  =  L,  C„  =  H) 

Logic  (M  =  H) 

L    L    L  L 

A 

A 

H    L    L  L 

A  +  B 

AB 

L    H    L  L 

A  +  B 

AB 

H    H    L  L 

minus  1  (2's  comp.) 

Logic  '0' 

L    L    H  L 

A  plus  AB 

AB 

H    L    H  L 

AB  plus  [A  +  B] 

B 

L    H    H  L 

A  plus  B 

A  $  B 

H    H    H  L 

AB  minus  1 

AB 

L    L    L  H 

A  plus  AB 

A  +  B 

H    L    L  H 

A  minus  B  minus  1 

A®  B 

L    H    L  H 

AB  plus  [A  +  B] 

B 

H    H    L  H 

AB  minus  1 

AB 

L    L    H  H 

A  plus  A  (2  x  A) 

Logic  T 

H    L    H  H 

A  plus  [A  +  B] 

A  +  B 

L    H    H  H 

A  plus  [A  +  B] 

A  +  B 

H    H    H  H 

A  minus  1 

A 

Metallization  and  Pad  Layout 


0.083"  X  0.091" 


- 


Am54S/74S194  •  Am54S/74S195 

Four-Bit  High-Speed  Shift  Registers 


Distinctive  Characteristics 

•  Parallel    load   or  shift  right  with  JK  inputs  on 
Am54S/74S195 

•  Shift  left,  right,  parallel  load  or  do  nothing  on 
Am54S/74S194 




•  Fully  synchronous  shifting  and  parallel  loading 

•  Buffered  common  clock 

•  Buffered  common  active-LOW  clear 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 


The  Am54S/74S194  and  Am54S/74S195  are  4-bit  registers 
that  exhibit  fully  synchronous  operation  in  all  operating 
modes.  The  Am54S/74S195  can  either  parallel  load  all 
four  register  bits  via  the  parallel  inputs  (A,  B,  C,  D)  or  shift 
each  of  the  four  register  bits  right  one  place.  The  shifting  or 
parallel  loading  is  under  control  of  the  shift/load  input  (S/L). 
When  the  shift/load  input  is  LOW,  data  is  loaded  from  the  parallel 
data  inputs;  when  the  shift/load  input  is  HIGH,  data  is  loaded 
from  the  register  bits  on  the  left.  The  first  bit,  Qa,  is  loaded  via 
the  J  and  K  inputs  in  the  shift  mode. 

The  Am54S/74S194  operates  in  four  modes  under  control  of  the 
two  select  inputs,  So  and  S-|.  The  four  modes  are  parallel  load 
(data  comes  from  the  parallel  inputs),  shift  right  (data  comes 
from  the  flip-flop  to  the  left,  with  the  Qa  bit  input  from  R), 


shift  left  (data  comes  from  the  flip-flop  to  the  right,  with 
the  Qq  input  from  L),  and  hold  or  do  nothing  (each  flip-flop 
receives  data  from  its  own  output). 

For  both  devices  the  outputs  change  state  synchronously  following 
a  LOW-to-HIGH  transition  on  the  clock  input,  CP.  Both  devices 
have  an  active-LOW  asynchronous  clear  (CLR)  which  forces  all 
outputs  to  the  LOW  state  (Qq  HIGH)  independent  of  any  other 
inputs.  All  control  inputs  are  buffered  to  present  only  one 
Schottky  TTL  load  to  the  system,  and  all  outputs  can  drive  10 
Schottky  loads  in  the  LOW  state  and  20  in  the  HIGH  state. 
Because  all  the  flip-flops  are  D-type  they  do  not  catch  0's  or 
f's,  and  the  only  requirements  on  any  inputs  is  that  they  meet 
the  short  set-up  and  hold  time  intervals  with  respect  to  the 
clock  LOW-to-HIGH  transition. 


LOGIC  SYMBOLS 


so  R 


Am54S'74S!94 


CLR       qa    qb    ^  qd 


A         8         C  D 

K 

CP 

Am54S/74S195 

15     14      13  12 


I   I    I    I  Y 


Vcc  "  Pin  16 
G  N  D  =  Pin  8 




CONNECTION  DIAGRAMS 
Top  Views 

VCC    QA    Q8    °C    QD     CP     Sl      S0  VCC  QA    QB    °C    °0    °D    CP  S'L 

nnnnnnnn  nnnnnnnn 


16     15     14      13      12      11      10  9 
Am54S/74S194 


UUUUUUUU 

CLR     R      A       B       C      D       L  GND 


16     15     14     13      12      11      10  9 


Am54S/74S195 


UUUUUUUU 

CLR     J       K      A       B       C      D  GND 


Note:   Pin  1  is  marked  for  orientation. 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am54S/  Am54S/ 

74S194  74S195 
Order  Order 

Number  Number 


Molded  DIP  0Cto+70°C 

Hermetic  DIP  0°Cto+70°C 

Dice  0*C  to  +70°C 

Hermetic  DIP  -55°C  to +1  25°C     SN54S194J  SN54S195J 

Hermetic  Flat  Pak  -S5°C  to +125°C     SN54S194W  SN54S195W 

Dice  -55°Cto+125°C     SN54S194X  SN54S195X 


SN74S194N  SN74S195N 
SN74S194J  SN74S195J 
SN74S194X  SN74S195X 


Am54S/74S194 


Am54S/74S195 


Qd  qd 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired)  


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 



-0.5  V  to +7  V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5  V  to  +Vrx  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30mA  to  +5.0mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S194,  Am74S195  TA  =  0°C  to  +70°C  Vcc  =  5.0  V  ±  5%  (COW  L)  MIN.  =  4.75V  MAX.  5.25  V 

Am54S194,  Am54S195  TA  m  -55°C  to  +125°C  Vcc  -  S.O  V  ±  1 0%  ( M I  LI  MIN.  =  4.5  V  MAX. -5.5V 


Parameters 

Description 

Test  Conditions  (Note  i) 

Min. 

Typ.lNote  2) 

Max. 

Units 

V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  ~~  1  mA 

Am74 

2.7 

3.4 

Volts 

V|N  "  V|H  or  V|L 

Am54 

2.5 

3.4 

vol 

Output  LOW  Voltage 

VCC  "  MIN-  'OL  "  20mA 
V|N  =  V|HorV|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH  voltage 
for  all  inputs 

2 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW  voltage 
for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

Vcc  *  MIN-.  *IN  *  -18mA 

-1.2 

Volts 

'IL 

(Note  3) 

Unit  Load 

Input  LOW  Current 

VCc  "  MAX.,  V|N  =  0.5  V 

-2 

mA 

l|H 

(Note  3) 

Unit  Load 

Input  HIGH  Current 

VCc  =  MAX.,  V|N  =  2.7  V 

50 

„A 

l| 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  5.5  V 

1 

mA 

!SC 

Output  Short  Circuit  Current 
(Note  4) 

VCC  =  MAX. 

-40 

-100 

mA 

S194(Note5&7l 

85 

135 

'cc 

Power  Supply  Current 

VCC  =  MAX. 

54S195 
(Note  6) 

70 

99 

mA 

74S195 
(Note  61 

70 

109 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VcC  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Outputs  open.  Inputs  A,  B,  C,  D  grounded.  Ijnputs  Sq,  S-j,  Clear,  L,  R,  at  4.5  V.  Measured  after  a  momentary  ground,  then  4.5  V  applied  to  clock. 

6.  Outputs  open.  S/L  grounded.  A,  B,  C,  D,  J,  K  at  4.5  V.  Measured  after  applying  a  momentary  ground  then  4.5  V  to  the  clear  followed  by  ground 
then  4.5  V  to  clock. 

7.  For  TA  =  125°C;  lCC  MAX.  =  110mA  for  Am54S194W. 


Switching  Characteristics  (TA  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

<PLH 

Clock  to  Output 

4 

8 

12 

ns 

«PHL 

Clock  to  Output 

4 

11 

16.5 

ns 

«PHL 

Clear  to  Output 

12.5 

18.5 

ns 

tpw 

Clock  Pulse  Width 

7 

n$ 

•pw 

Clear  Pulse  Width 

12 

ns 

«s 

Mode  Control  Set-up  Time 

VCC  »  5.0  V,  CL  =  1 5  pF,  R  l  =  280  n 

11 

ns 

*s 

Data  Input  Set-up  Time 

5 

ns 

»s 

Clear  Recovery  to  Clock 

9 

ns 

«h 

Data  Hold  Time 

3 

ns 

Shift/Load  Release  Time 
Am54S/74S195 

6 

ns 

fMAX. 

Maximum  Clock  Frequency 

70 

105 

MHz 
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DEFINITION  OF  FUNCTIONAL  TERMS 

J,  K  The  logic  inputs  used  for  controlling  the  Qa  flip-flop  > 
of  the  Am54S/74S195  register  when  S/L  is  HIGH. 

CLR   Clear.  The  asynchronous  master  reset  input. 

CP  Clock  pulse  for  the  register.  Enters  data  on  the  LOW- 

to-HIGH  transition. 

S/L  Shift/Load.  The  input  for  selection  of  parallel  or 
serial  shifting  for  the  AM54S/74S195  register.  S/L  LOW 
selects  parallel  entry. 

So,  Si    The  mode  select  inputs  of  the  Am54S/74S194. 
A,  B,  C,  D  The  four  parallel  data  inputs  for  the  register. 
R   The  serial  input  to  the  Qa  flip-flop  of  the  Am54S/ 
74S194  in  the  right  shift  mode. 

L  The  serial  input  to  the  Qq  flip-flop  of  the  Am54S/ 
74S194  in  the  left  shift  mode. 

!  register. 
.  (Am54S/ 


Qa,  Qb.  O-C.  QD  The  four  true  ou1 
O.D  The  complement  output  of  th. 
74S195  only). 


LOADING  RULES  (In  Unit  Loads) 


Am54S/ 
74S195 


Am54S/ 
74S194 


Input 


Fan-out 
Output  Output 


Input/Output 

Input/Output 

rin  no.  s  unit  Load 

HIGH 

LOW 

CLR 

CLR 

■ 
J 

p 

3  1 

g 

4  1 

B 

S  1 

Q 

6  1 

p 

L 

-j  ^ 

GND 

GND 

a 

on  lit/  Load 

s0 

9  1 

—  

CP 

c 
s1 

10  1 

Qd 

11 

1 

20 

10 

CP 

Qd 

Qd 

12 

20 

10 

Qc 

Qc 

13 

20 

10 

Qb 

Qb 

14 

20 

10 

Qa 

Qa 

15 

20 

10 

vCc 

vcc 

16 

FUNCTION  TABLE 

Am54S/74S194 


FUNCTION  TABLE 

Am54S/74S195 


INPUTS 

OUTPUTS 

FUNCTION 

Clear 

Mode 

Clock 

Serial 

Parallel 

Qa  °b  Qc  Qd 

Si  S0 

Left  Right 

ABC  O 

Clear 

L 

X  X 

X 

X  X 

X    X    X  X 

L    L     L  L 

No 

Change 

H 
H 

X  X 
X  X 

L 
H 

X  X 
X  X 

X    X    X  X 
X    X    X  X 

NC  NC  NC  NC 
NC  NC  NC  NC 

Parallel 
Load 

H 

H  H 

t 

X  X 

D0  Di  D2  D3 

00  O)    D2  D3 

Shift 
Right 

H 
H 

L  H 
L  H 

T 

f 

X  L 
X  H 

X    X    X  X 
X    X    X  X 

L   QA  QB  QC 

h  Qa  Qb  Qc 

Shift 
Left 

H 
H 

H  L 
H  L 

t 

L  X 
H  X 

X    X    X  X 
X    X    X  X 

qb  Qc  Qd  l 
Qb  Qc  Qd  h 

Hold 

H 

L  L 

X 

X  X 

X    X    X  X 

NC  NC  NC  NC 

INPUTS 

OUTPUTS 

Clear 

Shift/ 
Load 

Clock 

Serial 

Parallel 

Qa  Qb  °c  qd  Qd 

J  K 

A      B      C  D 

L 

X 

X 

X  X 

X      X      X  X 

L      L       L      L  H 

H 
H 

X 
X 

L 
H 

X  X 
X  X 

X      X      X  X 
X     X     X  X 

NC   NC    NC   NC  NC 
NC   NC    NC   NC  NC 

H 

L 

t 

X  X 

D0   D,    D2  D3 

Do    Di     D2    D3  D3 

H 
H 
H 
H 

I  X  I  I 

t 
t 
t 
t 

L  H 
L  L 
H  H 
H  L 

X  X  X  X 
X  X  X  X 
X  X  X  X 
X  X  X  X 

Qa  QA  Qb  Qc  Qc 

L     QA    QB   Qc  Qc 

h   Qa  Qb  Qc  Qc 
Qa  Qa  Qb  °c  Qc 

H=  HIGH  X=  Don't  Care 

L  •  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  transition. 

Dj  =  May  be  a  HIGH  or  a  LOW  and  the  respective  output  will  a 


H  =  HIGH  X  =  Don't  Care 

L  =  LOW  NC  =  No  Change 

t  =  LOW-to-HIGH  transition. 

Dj  =  May  be  a  HIGH  or  a  LOW  and  the  respective  output  will  assume  the 
same  state. 

Notes:  1.  If  the  J  and  K  inputs  are  tied  together,  the  common  line  becomes  a 
D-Type  input  to  the  first  bit  in  the  shift  mode. 
2.  Linear  feedback  shift  counters  can  be  made  by  connecting  the  Qq  and 
Qq  outputs  to  the  K  and  J  inputs,  respectively. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown 
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Am54S/74S194/S195 


APPLICATIONS 

HIGH-SPEED  MOD  15  LINEAR  FEEDBACK  SHIFT  REGISTER 

Sequence  is  0,  1 ,  2,  5,  1 0,  4,  9,  3,  6,  1 3,  1 1 ,  7,  1 4,  1 2,  8,  0  ( 1 5  is  non-self  correcting;  use  clear  to  initialize) 


S/L       A         B        C  D 

J 

CP  AmMS/74S195  °D 

K 

CLR     QA       °B      °C  °0 


12-BIT  SHIFT-LEFT,  SHIFT-RIGHT,  PARALLEL-LOAD  REGISTER 


Aq    A]     A2  A3 

1    I    I    1  I 


B     A      B      C      D  L 

Si  Am64S/74S194 
CP 

CLR  Qa    °B    °C  QD 


B2  B3 


A4     A5     Ag  A7 


R      A      B      C      D  L 

0 

■1  Am54S/74S194 

IP 

CLR  °A    QB    °C  qD 


B4     BS     B6  B7 


'10  A11 


_  R  A  B  C  D  L 
So 

Si  Am54S/74S194 

CP  CLR   °A    QB    °C  QD 


B8     B9    B10  Bi, 
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Am54S/74S240  -Am54S/74S241 
Am54S/74S242  •  Am54S/74S243 
Am54S/74S244 

Octal  Buffers/Line  Drivers/Line  Receivers  With  Three-State  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  Three-state  outputs  drive  bus  lines  directly 

•  Advanced  Schottky  processing 

•  Hysteresis  at  inputs  improve  noise  margin 

•  PNP  inputs  reduce  D.C.  loading  on  bus  lines 

•  V0L  of  0.55V  at  64mA  for  Am74S;  48mA  for  Am54S 

•  Data-to-output  propagation  delay  times: 

Inverting  -  7.0ns  MAX 
Non-inverting  -  9.0ns  MAX 

•  Enable-to-output  -  15.0ns  MAX 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 

•  20  pin  hermetic  and  molded  DIP  packages  for  Am54S/ 
i,  Am54S/74S241,  and  Am54S/74S244 


FUNCTIONAL  DESCRIPTION 

These  buffers/line  drivers,  used  as  memory-address  drivers, 
clock  drivers,  and  bus  oriented  transmitters/receivers,  pro- 
vide improved  PC  board  density.  The  outputs  of  the  com- 
mercial temperature  range  versions  have  64mA  sink  and 
15mA  source  capability,  which  can  be  used  to  drive  termi- 
nated lines  down  to  133U.  The  outputs  of  the  military  tem- 
perature range  versions  have  48mA  sink  and  12mA  source 
current  capability. 

Featuring  0.2V  minimum  guaranteed  hysteresis  at  each 
low-current  PNP  data  input,  they  provide  improved  noise 
rejection  and  high-fan-out  outputs  to  restore  Schottky  TTL 
levels  completely. 

The  Am54S/74S240,  Am54S/74S241  and  Am54S/74S244 
have  four  buffers  which  are  enabled  from  one  common  line, 
and  the  otherfour  buffers  are  enabled  from  another  common 
line.  The  Am54S/74S240  is  inverting,  while  the  Am54S/ 
74S241  and  Am54S/74S244  present  true  data  at  the  outputs. 

The  Am54S/74S242  and  Am54S/74S243  have  the  two  4-line 
data  paths  connected  input-to-output  on  both  sides  to  form 
an  asynchronous  transceiver/buffer  with  complementing 
enable  inputs.  The  Am54S/74S242  is  inverting,  while  the 
Am54S/74S243  presents  non-inverting  data  at  the  outputs. 


TCC  i  " 

1A1  fj  2 
2Y4  Q  3 
1A2  Q  4 
2Y3fJ  5 
1A3  [Z  6 
2Y2  [2  7 
1A4  8 
2Y1  9 
GND  \Z  10 


Am54S/74S240 

W 


Am54S/74S241 


CONNECTION  DIAGRAMS 
Top  Views 

Am54S/74S242 


Am54S/74S243 


□  vcc 

,•  v 

20 

ZKc 

^]  2G 

2 

19 

Zl 2G 

^  1Y1 

2Y4 

3 

18 

3»« 

1A2^ 

4 

17 

2]  2A4 

1Y2 

2Y3Q] 

5 

16 

^  1Y2 

U  2A3 

1A3 

6 

15 

^]  2A3 

^  1Y3 

2Y2  Q 

14 

Zl  1Y3 

2\  2A2 

'A4  £2 

8 

13 

2\  2A2 

Zl ,Y4 

2Y1  ^2 

9 

12 

Zl ,¥4 

□  2A1 

gndQ 

10 

□  2A1 

Am54S/74S244 





Note:  Pin  1  is  marked  for  orientation. 



ORDERING  INFORMATION 


Package 

Temperature 

Type 

Range 

Am54S/74S240 

Am54S/74S241 

Hermetic 

-55°Cto+125°C 

SN54S240J 

SN54S241J 

Dice 

-55°C  to  +125°C 

AM54S240X 

AM54S241X 

Hermetic 

0°C  to  +70°C 

SN74S240J 

SN74S241J 

Molded 

0°C  to  +70°C 

SN74S240N 

SN74S241N 

Dice 

0°C  to  +70°C 

AM74S240X 

AM74S241X 

Order  Number 


SN54S242J  SN54S243J 
AM54S242X  AM54S243X 


SN74S242J  SN74S243J 


AM74S242X 


AM74S243X 


SN54S244J 

AM54S244X 

SN74S244J 

SN74S244N 

AM74S244X 
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Am54S/74S240 

2  ^^Q-  —  IY2      2A2   ^^C—  — 


LOGIC  DIAGRAMS 


Am54S/74S241 


Am54S/74S240/S24 1  /S242/S243/S244 


Am54S/74S244 


^^^O-  —  1  Y4      2A4    ^^^O—  — 

^   25— C  ^  


2Y1  1AI- 


■  2Y2  1A2  — 


■2Y3  1A3- 


■  2Y4  1A4  - 


■1Y3  2A3- 


—  —  1 Y4  2A4  


1G  -O  ^   2G    


-  2Y2  1 A2  - 


- 2Y3  1A3  - 


— 1Y1  2AT  

—  1Y2  2A2  

&" 

4>J 

— 1Y3  2A3  

—  1Y4  2A4^— 
2G— O 

\>- 

Am54S/74S242 


Am54S/74S243 


Note:  AH  gates  have  input  hysteresis. 


MAXIMUM  RATINGS  above  which  the  useful  life  may  be  impaired 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential 

-0.5V  to  +7.0V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +Vqc  max. 

DC  Input  Voltage 

-0.5V  to  +7.0V 

DC  Output  Current 

150mA 

DC  Input  Current 

-30mA  to  +5.0mA 
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ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Noted: 

Am54S240/S241/S242/S243/S244  (MIL)  TA  -  -55°C  to  +125°C 

Am74S240/S241/S242/S243/S244  (COM'L)  T A  =  0° C  to +70° C  Vcc( M I N. )  »  4.7 5 V       Vcc( MAX .)-  5.25V 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  Xyp 

Parameters  Description  Test  Conditions  (Note  D  Min.      (Note  2)      Max.  Units 


VCC(MIN.)  =  4.50V 
VCC(MIN.)  »  4.75V 


'cc 


(MAX.)  5.50V 


V|H 

High-Level  Input  Voltage 

2.0 

Volts 

VlL 

Low-Level  Input  Voltage 

0.8 

Volts 

VIK 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|  =  -18mA 

-1.2 

Volts 

Hysteresis  (V-j-+  -  V-r_) 

VCC  =  MIN. 

0.2 

0.4 

Volts 

VOH 

High-Level  Output  Voltage 

Vcc  =  MIN.,  V|L  =  0.8V 
Iqh  =  -3.0mA 

2.4 

3.4 

Volts 

VCC  =  MIN., 
V|L  =  0.5V 

MIL,  Ioh  "  -12mA 

2.0 

COM'L,  l0H  "  -'5mA 

2.0 

vol 

Low-Level  Output  Voltage 

VCC  =  MIN. 
V|U  -  0.8V 

MIL,  l0L  "  48mA 

0.55 

Volts 

COM'L,  Iql  =  64mA 

0.55 

'OZH 

Off-State  Output  Current, 
High  Level  Voltage  Applied 

VCC  =  MAX. 
V,H  =  2.0V 
V|L  =  0.8V 

VQ  =  2.4V 

50 

MA 

'OZL 

Off-State  Output  Current, 
Low-Level  Voltage  Applied 

V0  =0.5V 

-50 

'l 

Input  Current  at  Maximum 
Input  Voltage 

VCC  =  MAX.,V|  -5.5V 

1 .0 

mA 

■iH 

High-Level  Input  Current,  Any  Input 

Vcc  ■  MAX.,  V|H  =2.7V 

50 

MA 

'IL 

Low-Level  Input  Current 

Any  A 

VCC  =  MAX.,  V|L=  0.5V 

-400 

MA 

Any  G 

-2.0 

mA 

'OS 

Short-Circuit  Output  Current  (Note  3) 

VCC  =  MAX. 

-50 

-225 

mA 

'cc 

Supply  Current 

Am54S/74S240 
Am54S/74S242 

All  Outputs 
HIGH 

VCC  =  MAX. 
Outputs  open 

MIL 

80 

123 

mA 

COM'L 

80 

135 

All  Outputs 
LOW 

MIL 

100 

145 

COM'L 

1 00 

150 

Outputs  at  Hi-Z 

MIL 

100 

145 

COM'L 

100 

150 

Am54S/74S241 
Am54S/74S243 
Am54S/74S244 

All  Outputs 
HIGH 

VCC  =  MAX. 
Outputs  open 

MIL 

95 

147 

mA 

COM'L 

95 

160 

All  Outputs 
LOW 

MIL 

120 

170 

COM'L 

120 

180 

Outputs  at  Hi-Z 

MIL 

120 

170 

COM'L 

120 

180 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 

2.  All  typical  values  are  Vcc  -  5.0V,  TA  "  25°  C. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time,  and  duration  of  the  short-circuit  should  not  exceed  one  second. 


Am54S/74S241 

SWITCHING  CHARACTERISTICS  (Vcc  =  5V,  TA  =  25°C)  Am54S/74S240  Am54S/74S243 

Am54S/74S242  Am54S/74S244 


'arameter 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Min. 

Typ. 

Max. 

Units 

tPLH 

Propagation  Delay  Time, 
Low-to-High-Level  Output 

4.5 

7.0 

6.0 

9.0 

ns 

'PHL 

Propagation  Delay  Time, 
High-to-Low-Levet  Output 

CL  =  50pF,  R[_  =  900  (Note  31 

4.5 

7.0 

6.0 

9.0 

ns 

«ZL 

Output  Enable  Time  to  Low  Level 

10 

15 

10 

15 

ns 

'ZH 

Output  Enable  Time  to  High  Level 

6.5 

10 

8.0 

12 

ns 

«LZ 

Output  Disable  Time  from  Low  Level 

CL  -  5.0pF,  FtL  =  9012  (Note  3) 

10 

15 

10 

15 

ns 

«HZ 

Output  Disable  Time  from  High  Level 

6.0 

9.0 

6.0 

9.0 

ns 
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Am54S/74S240/S241/S242/S243/S244 


LOAD  CIRCUIT  FOR 
THREE-STATE  OUTPUTS 


VOLTAGE  WAVEFORMS 
ENABLE  AND  DISABLE  TIMES,  THREE-STATE  OUTPUTS 


OUTPUT  . 
CONTROL 
ILOW  LEVEL 
ENABLINGI 


WAVEFORM  2- 


it 


CLOSED 


S,  8.  S2 
CLOSED 


0  6V  f 
\ 


1 .  Waveform  1  is  for  an  output  with  internal  conditions  such  that  the  o  utput  is  low  except  when  d  i  sab  led  by  the  output  control. 

2.  Waveform  2  is  for  an  output  with  internal  conditions  such  that  the  output  is  high  except  when  disabled  by  the  output  control. 

3.  In  the  examples  above,  the  phase  relationships  between  inputs  and  outputs  have  been  chosen  arbitrarily.  PR  R  <  1.0MHz,  ZqUT  *  50^ 
and  tr  <  2.5ns,  tf  <  2.5ns. 


FUNCTION  TABLES 


Am54S/74S242 


INPUTS 

OUTPUTS 

1G 

2G 

A 

Y 

H 

L 

X 

Z 

L 

H 

L 

H 

L 

H 

H 

L 

Am54S/74S240 


INPUTS 

OUTPUT 

G 

A 

Y 

H 

X 

Z 

L 

H 

L 

L 

L 

H 

Am54S/74S241 
Am54S/74S243 


INPUTS 

OUTPUTS 

1G 

2G 

A 

Y 

H 

L 

X 

z 

L 

H 

H 

H 

L 

H 

L 

L 

Am54S/74S244 


INPUTS 

OUTPUT 

G 

A 

H 

X 

z 

L 

H 

H 

L 

L 

L 

APPLICATIONS 

Am54S/74S241'S  USED  AS  REPEATER/LEVEL  RESTORER 


REPEATER  REPEATER 


^1/8'S241  1/8'S241  ,1/8'S241 

>:>:•>•;<>: 


INPUT       OUTPUT        INPUT    OUTPUT     INPUT      OUTPUT      INPUT       OUTPUT     INPUT  OUTPUT 


'S240  USED  AS  SYSTEM  AND/OR  MEMORY  BUS  DRIVER  - 
4-BIT  ORGANIZATION  CAN  BE  APPLIED  TO  HANDLE  BINARY  OR  BCD 


Am54S/74S240 


CONTROL  OR  MICROPROGRAM  ROM/PROM 
OR 

MEMORY  ADDRESS  REGISTER 


r 


SYSTEM  AND/OR  MEMORY- ADDRESS  BUS 
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Am54S/74S240/S241/S242/S243/S244 


APPLICATIONS  (Cont.) 

INDEPENDENT  4-BIT  BUS  PARTY  LINE  BUS  SYSTEM 

DRIVERS/RECEIVERS  WITH  MULTIPLE  INPUTS.  OUTPUTS,  AND  RECEIVERS 

IN  A  SINGLE  PACKAGE 


GND 

DIE  SIZE  0.093"  X  0.109' 
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Am54S/74S257»Am54S/74S258 

Quadruple  2- Line  To  1-Line  Data 


Distinctive  Characteristics 

•  Three-state  outputs  interface  directly  with  bus  organ- 
ized systems 

•  Schottky  clamp  provides  improved  AC  performance 


•  Pin  assignments  identical  with  Am54S/74S157  and 
Am54S/74S158 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  2-line  to  1-line  data  selector  multiplexer  can  be  used  to 
transfer  data  to  a  common  data  bus  directly  by  using  the 
three-state  capability  of  the  device.  With  the  output  control 
(OE)  HIGH,  the  four  outputs  of  the  data  selector  are  in  the 
high  impedance  state.  With  the  output  control  LOW,  the 
selected  four  bits  (A  or  B  inputs)  are  bussed  onto  the  four 
data  lines. 

The  typical  propagation  delay  times  from  data  input  to 
output  average  4.8ns  for  the  Am54S/74S257  and  4ns  for 
the  Am54S/74S258.  Also,  to  minimize  the  possibility  that 
two  outputs  will  attempt  to  drive  the  common  bus  to 
opposite  logic  levels,  the  output  enable  circuitry  is  designed 
such  that  the  output  disable  times  are  shorter  than  the 
output  enable  times. 


LOGIC  SYMBOL 


2    3    5    6  11  10  14  13 


2    3    5    6  11  10  14  13 


1A  IB  2A  28  3A  3B  4A  4B 

JE 

Am54S/74S257 
1Y        2Y        3Y  4Y 


OE 


!A  IB  2A  2B  3A  3B  4A  4B 
Am54S/74S258 

1Y       2Y       3Y  4Y 


T        ?        T  ? 


VCC-  Pin  16 
GND  -  Pin  8 


Am54S257,  Am74S257 


LOGIC  DIAGRAMS 


I?)  ^ 


fD-t 

i=LV 
CK 

i=D-r 


2>k 


OUTPUT  1151 
CONTROL 


D~l  H2, 


ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am54S/  Am54S/ 

74S257  74S258 

Order  Order 

Number  Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pack 
Dice 


0  C  to  +70  C 
0°C  to  +70°C 
0°C  to  +70°C 
-55°Cto+125°C 
-55°Cto+125°C 
-55°  C  to  +125°C 


SN74S257N 

SN74S257J 

SN74S257X 

SN54S257J 

SN54S257W 

SN54S257X 


SN74S258N 

SN74S258J 

SN74S258X 

SN54S258J 

SN54S258W 

SN54S258X 


CONNECTION  DIAGRAM 
Top  View 


Vcc    OE    4A     4B     4Y     3A     3B  3Y 

nnnnnnnn 


16     15      14     13      12      11      10  9 


2       3       4       5       6       7  8 

uuuuuuuu 

S      1A     IB     1Y     2A    2B     2Y  GND 


Note:  Pin  1  is  marked  for  orientation  on  flat  package  only. 
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Am54S/74S257/258 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  Continuous 

-0.5  V  to  +7  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am74S257/S258  T A  «  0°C  to  +  70°C  Vcc,-5.0V±5%       (Com'l)  Min  =  4.75  V        Max  =  5.25  V 

Am54S257/S258  TA  =  -55°C  to +1  25°C  VCC=5.0V±10%     (Mil)  Min  =  4.5V  Max-  5.5V 

Typ. 

Parameters  Description  Test  Conditions  (Note  11  Min.        (Note  21  Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  -  MIN., 

54SJOH  =  -2mA 

2.4 

3.4 

Volts 

V|N  =  V|H 
or  V|L 

74S.IQH  = -6.5mA 

2.4 

3.2 

Vni 

UL 

Output  LOW  Voltage 

VCC  =  MIN.-.  V|H=2V 
V|L  =  0.8V,  Iql  *  20mA 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  -  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

■lL 

Unit  Load 

S Input 

Vcc  "  MAX.,  V|N  "  0.5V 

-4 

mA 

Input  LOW  Current 

Any  Other 

-2 

•|H 

(Note  3) 

Unit  Load 

S  Input 

VCC  =  MAX.,  V|N  -  2.7V 

100 

"A 

Input  HIGH  Current 

Any  Other 

50 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  -  5.5V 

1 

mA 

'O 

Off-State  (HIGH  Impedance) 
Output  Current 

Vcc  =  MAX- 

V0  =  2.4V 

50 

"A 

V0  -  0.5V 

-50 

■sc 

Output  Short  Circuit  Current  (Note  4) 

VCC  =  MAX.,  VquT'0.0  V 

-40 

-100 

mA 

'cc 

Power  Supply  Current 

All  Outputs  HIGH 

Vcc  =  MAX. 
(Note  5) 

Am54S/74S257 

44 

68 

mA 

Am54S/74S258 

36 

56 

All  Outputs  LOW 

Am54S/74S257 

60 

93 

mA 

Am54S/74S258 

52 

81 

All  Outputs  OFF 

Am54S/74S257 

64 

99 

mA 

Am54S/74S258 

56 

87 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Actual  Input  Currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  outp.ut  should  be  shorted  at  a  time  and  duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Icc  is  measured  with  all  outputs  open  and  all  possible  inputs  grounded  while  achieving  the  stated  output  conditions. 


Switching  Characteristics  (Ta  =  25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Data  to  Output 

S257 

1  

5 

7.5 

ns 

S258 

4 

6 

«PHL 

Data  to  Output 

S257 

4.5 

6.5 

ns 

S258 

VCC  =  5  V,  RL  =  280  n,  CL  =  15  pF 

4 

6 

tPLH 

Select  to  Output 

S257 

8.5 

15 

ns 

S258 

8 

12 

tPHL 

Select  to  Output 

S257 

8.5 

15 

ns 

S258 

7.5 

12 

<ZH 

Control  to  Output 

13 

19.5 

ns 

'ZL 

14 

21 

«HZ 

Control  to  Output 

VCC  =  5  V,  R[_  =  280  SI.  CL  =  5  pF 

5.5 

8.5 

ns 

«LZ 

9 

14 
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FUNCTION  TABLE 


INPUTS 

OUTPUTS 

Output 
Control 

Select 

A 

B 

Am54S/ 
74S257 

Am54S/ 
74S258 

H 

X 

X 

X 

Z 

Z 

L 

L 

L 

X 

L 

H 

L 

L 

H 

X 

H 

L 

L 

H 

X 

L 

L 

H 

L 

H 

X 

H 

H 

L 

H  =  HIGH 
L  =  LOW 


X  =  Don't  Care 

Z  =  High  Impedance 


LOADING  RULES  (In  Unit  Loads) 

Fan-out 
Input       Output  Output 


Input/Output 

Pin  No.'s 

Unit  Load 

HIGH 
54S  74S 

LOW 

S 

1 

2 

- 

1A 

2 

1 

— 

— 

- 

IB 

3 

1 

— 

- 

1Y 

4 

- 

40 

130 

10 

2A 

5 

1 

— 

— 

- 

2B 

6 

1 

- 

— 

- 

2Y 

7 

- 

40 

130 

10 

GND 

8 

_ 

- 

3Y 

9 

- 

40 

130 

10 

3B 

10 

1 

3A 

11 

1 

4Y 

12 

40 

130 

10 

48 

13 

1 

4A 

14 

1 

OE 

15 

1 

vCc 

16 

A  Schottky  TTL  Unit  Load  is  defined  as  50  uA  measured  at  2.7  V 
HIGH  and  -2.0mA  measured  at  0.5  V  LOW. 


FUNCTIONAL  TERMS 

IA,  2A,  3A,  4A  The  data  inputs  for  the  4-bits  of  the  A  word. 

IB,  2B,  3B,  4B    The  data  inputs  for  the  4-bits  of  the  B  word. 

1Y,  2Y,  3Y,  4Y  The  four  outputs  of  the  multiplexer. 

61  Output  Control  When  the  output  control  is  HIGH,  the 
four  outputs  are  in  the  high  impedance  state.  When  the  output 
control  is  LOW,  the  selected  A  or  B  input  is  present  at  the  output. 

S  Select  When  the  select  input  is  LOW,  the  A  word  is  present 
at  the  output.  When  the  select  input  is  HIGH,  the  B  word  is 
present  at  the  output. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:  Actual  current  flow  direction  shown 
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Am54S/74S257/258 


APPLICATIONS 


WORD  A        WORD  B 


WORDC  WOfiDD 


WORD  E         WORD  F 


WORD  G        WORD  H 


OE 


1A  2A3A  4A  18  2B  3B  48 
Am54S/74S257 
1Y       2Y       3Y  4Y 


0<L 


IA  2A3A4A  18  2B  3B  4B 
Am54S/74S257 
1Y       2Y       3Y  4Y 


1A  2A  3A  4A  IB  2B  3B  4B 

)E 

Am54S/74S257 
1Y       2Y       3Y  4Y 


1A  2A  3A  4A  IB  2B  3B  48 
OE 

Am54S/74S258 

S 

1Y       2Y       3Y  4Y 


CLOCK 
CLEAR 


D,        D2       D3  D4 

Am54S/74S175 
QTQ2Q3  04 


?m?m 

12  3  4 

4-Bit  Multiplexer 


APPLICATION  BRIEF  -  THREE  STATE  OUTPUTS 

When  a  three-state  Schottky  output  is  in  the  high-impedance  state,  the  maximum  off-state  leakage  current  is  specified  as  50mA  at  2.4V  and 
-50>A  at  0.5  V.  This  leakage  loading  must  be  added  to  the  input  loading  of  the  devices  connected  to  the  data  bus  for  worst-case  design.  For 
this  reason,  the  output  HIGH  source  current  of  the  three-state  devices  are  specified  with  Iqh  =  —2mA  for  the  Am54S  series  and  Iqh  =  -6.5 
mA  for  the  Am74S  series.  The  output  LOW  sink  current  for  all  Am54S/74S  devices  is  specified  as  Iol  =  20mA  at  0.5V. 

The  high  current  sinking  and  sourctng  capability  allows  many  three-state  outputs  to  be  bus-organized  and  drive  several  TTL  inputs  reliably.  An 
example  of  the  Iqh  anci  'OL  loading  calculations  is  shown  in  Table  I.  The  important  factor  for  bus-organized  three-state  outputs  is  not  to 
■  ir  the  HIGH-state  or  the  LOW-state  maximum  loading. 


TABLE  I 


NO.  OF  LOADING 
DEVICES  ON  BUS 

TYPE  LOAD 

DATA  BUS  HIGH  LOAD 

DATA  BUS  LOW  LOAD 

36 

54S/74S  outputs  Hi-Z 

50 mA  x  36  =  1.8mA 

-50 mA  x  36  =  -1 .8mA 

4 

54S/74S  inputs 

50  jjA  x   4  =   .2  mA 
2.0mA 

-2mA  x   4  =  -8.0mA 
-9.8mA 

|  Am54S 

OUTPUT  LOADING  USED   — —  

|  Am74S 

MAXIMUM 

~  50% 

-31% 

~  50% 

Metallization  and  Pad  Layouts 
Am54S/74S257  Am54S/74S258 

vcc  vcc 


0  3V 


~*f-G£V  CK~ 


d — I — b 


DIE  SIZE  0.065"  X  0.069" 


8 
GND 


DIE  SIZE  0.065"  X  0.069" 


4-111 


Am54S/74S350 

Four-Bit  Shifter  With  Three-State  Outputs 


Distinctive  Characteristics 

•  Shifts  4-bits  of  data  to  0,  1,  2  or  3  places  under  con- 
trol of  two  select  lines. 

•  Three-state  outputs  for  bus  organized  systems. 


•  6.5  ns  typical  data  propagation  delay. 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S350  is  a  combinatorial  logic  circuit  that  ac- 
cepts a  four-bit  data  word  and  shifts  the  word  0,  1,  2  or  3 
places.  The  number  of  places  to  be  shifted  is  determined  by  a 
two-bit  select  field  S0  and  St  .  An  active-LOW  enable  controls 
the  three-state  outputs.  This  feature  allows  expansion  of 
shifting  over  a  larger  number  of  places  with  one  delay. 

By  suitable  interconnection,  the  Am54S/74S350  can  be  used 
to  shift  any  number  of  bits  any  number  of  places  up  or  down. 
Shifting  can  be  logical,  with  logic  zeroes  pulled  in  at  either  or 
both  ends  of  the  shifting  field;  arithmetic,  where  the  sign  bit 
is  repeated  during  a  shift  down;  or  end  around,  where  the 
data  word  forms  a  continuous  loop. 


LOGIC  SYMBOL 


1     2     3     4  5 


1.3  1-2  '-1    '0    'l    '2  '3 


Y0        V,         Y2  Y3 


15         14         12  11 

VCC  -  Pin  16 
GND  •  Pin  8 


LOGIC  DIAGRAM 

H 


%  OE 


CONNECTION  DIAGRAM 
Top  View 


VCC    Y0    v1     0E     y2    v3     s0  sl 

nnnnnnnn 


16     15      14     13      12      11      10  9 


1       2       3       4  5 


uuuuuuuu 

'-3    '-2    '-1     '0      'l      '2      '3  GND 


Note:  Pin  1  is  marked  for  orientation 
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Am54S/74S350 
MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Qtnrano  Tomnorati  11*0 
OlOIdyc  1  clUfJcI  dLUi  c 

-65°Cto+150°C 

Tpmnpratnrp  fAmhipntl  LJnripr  Rias 

1  Kill  pel  d  IUI  c  \  MT II  Ul  c  1 1 1 J  UIMUci  Dlda 

-55°  C  to  +125°C 

^nnnlv  Vnltanp  tn  f^rminH  Pntpnttal  (Pin  1  fi  tn  Pin  R)  f^nnf inuons 

-0.5  V  to  +7  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


SN74S350 
SN54S350 

Parameters 


TA  =  0  C  to  +70  C 
TA  =  -55°C  to  +125°C 

Description 


Vcc  =  5.0  V  ±  5%  (COM'LI  MIN.  =  4.75  V  MAX.  "5.25  V 

Vcc  =  5.0  V  ±  10%  (MIL)  MIN.  =  4.5V  MAX.  =  5.5V 

Test  Conditions  (Note  i)  Min.  Typ.(Note2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN., 
V|N  =  V|Hor  V|L 

MIU  Ioh  ■  -2mA 

2.4 

3.4 

Volts 

COM'L,  l0H  =  -6.5mA 

2.4 

3.2 

vol 

Output  LOW  Voltage 

VCC  =  MIN-.  'OL  =20mA 
V,N  =  V|H  or  VIL 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

Vcc  =  MIN-  >  1 N  =  -18mA 

-1.2 

Volts 

'IL 

Unit  Load 

Input  LOW  Current 

Vcc  "MAX.,  V|N=  0.5  V 

-2.0 

mA 

'lH 

Unit  Load 

Input  HIGH  Current 

VCC  =  MAX.,  V!N  '  2.7  V 

50 

MA 

•o 

Off  State  (High  Impedance) 
Output  Current 

VCC=  MAX. 

Vo  =  2.4  V 

50 

ma 

V0  =  0.5V 

-50 

'I 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  5.5  V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX.,VOUT  =  0.0V 

-40 

-100 

mA 

!CC 

Power  Supply  Current 

Vcc  =  MAX.,  All  outputs  open, 
All  inputs  =  GND 

60 

85 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

*PLH 

-Data  Input  to  Output 

5 

7.5 

ns 

«PHL 

8 

12 

«PLH 

Select  to  Output 

VCC  -  5.0V,  CL  =  15pF,  RL  -  280fi 

11 

17 

ns 

«PHL 

13 

20 

«ZH 

Output  Control  OE  to  Output 

19.5 

ns 

tZL 

21 

'HZ 

Output  Control  OE  to  Output 

VCC  =  5V,  CL  =  5pF,  RL  =  28011 

5 

8 

ns 

tLZ 

10 

15 

4-113 


Am54S/74S373  •  Am54S/74S533 

Octal  Latches  with  Three-State  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  8  latches  in  a  single  package 

•  Am54S/74S373  has  non-inverting  outputs 

•  Am54S/74S533  has  inverting  outputs 

•  V0l  =  0.5V  (max)  at  I0l  =  20mA 

•  Three-state  outputs  interface  directly  with  bus  organized 
systems 

•  Hysteresis  on  latch  enable  input  for  improved  noise  mar- 
gin 

•  High  speed  -  Clock  to  output  12ns  typical 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S373  is  an  octal  latch  with  three-state  outputs 
for  bus  organized  system  applications.  The  latching  flip-flops 
appear  to  be  transparent  to  the  data  (data  changes  asyn- 
chronously) when  latch  enable,  G,  is  HIGH.  When  G  is  LOW, 
the  data  that  meets  the  set-up  times  is  latched.  Data  appears 
on  the  bus  when  the  output  enable,  OE,  is  LOW.  When  OE  is 
HIGH  the  bus  output  is  in  the  high-impedance  state. 

Am25S373  and  Am25S533  versions  are  also  available  of- 
fering V0l  =  0.5V  (max)  at  I0l  =  32mA. 


Outputs  Y0  through  Y7  are  inverted  on  the  Am54S/74S533. 


CONNECTION  DIAGRAM 
Top  View 


Vc(.     V7     D,     D6     V6      V5     D6     D4     Ya  G 

nnnnnnnnnn 

20      19      18      17     16      lb      14      13     12  11 


1       23456789  10 

uuuuuuuuuu 

OE     Yq     D0     D,     Yi     Y2     D2     D3     Y3  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3       4       7       8      13     14  17 


D„     0,     D2     a2     D4     D5     06  0, 
Am54S/74S373 

e 

V0     »1  V3     V4      V5     V6  Y7 


2       5       6       9       12      15      16    -  19 


Vcc  =  Pin  20 
GND  =  Pin  10 
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Am54S/74S374  •  Am54S/74S534 

8-Bit  Registers  with  Three-State  Outputs 


DISTINCTIVE  CHARACTERISTICS 

•  Eight-bit,  high  speed  parallel  registers 

•  Am54S/74S374  has  non-inverting  outputs 

•  Am54S/74S534  has  inverting  outputs 

•  Positive,  edge-triggered,  D-type  flip-flops 

•  Buffered  common  clock  and  buffered  common  three- 
state  control 

•  Vql  =  0.5V  (max)  at  lOL  =  20mA 

•  High  speed  -  Clock  to  output  11ns  typical 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


FUNCTIONAL  DESCRIPTION 

The  Am54/74S374  and  Am54S/74S534  are  eight-bit  regis- 
ters built  using  high  speed  Schottky  technology.  The  re- 
gisters consist  of  eight  D-type  flip-flops  with  a  buffered 
common  clock  and  a  buffered  three-state  output  control. 
When  the  output  enable  (OE)  input  is  LOW,  the  eight  out- 
puts are  enabled.  When  the  OE  input  is  HIGH,  the  out- 
puts are  in  the  three-state  condition. 

Input  data  meeting  the  set-up  and  hold  time  requirements 
of  the  D  inputs  is  transferred  to  the  Y  outputs  on  the 
LOW-to-HIGH  transition  of  the  clock  input. 

The  devices  are  packaged  in  a  space-saving  (0.3-inch  row 
spacing)  20-pin  package. 

Am25S374  and  Am25S534  versions  are  also  available  of- 
fering Vql  =  0.5V  (max)  at  Iql  =  32mA. 


n  PL  rr  n 


Outputs  Y0  through  Y7  are  inverted  on  the  Am54/74S534. 



CONNECTION  DIAGRAM 
Top  View 

VCC    Y7     D7     D6     Y6     y5     D5     D4     Y4  CP 

nnnnnnnnnn 


20      19      18      17      16      15     1-1      13     12  11 


)  Am54S/74S374 

1       23456789  10 

uuuuuuuuuu 

OE     Y0     On     D,     Y,     Y?     D?     D3     Y3  GND 


Note:  Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


3        4  7 


13     14      17  18 


D0  D, 

D2    D3    D4     D8     D6  D7 

CP 
OE 

Y0  vl 

Am54S/74S374 
Y2     Y3     Y4    YS     Y6  Y7 

TT 


9      12     15  16 


Vcc  "  Pin  20 
GND  -  Pin  10 
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Am54S/74S378  •  Am54S/74S379 

Hex/Quad  Parallel  D  Registers  With  Register  Enable 


Distinctive  Characteristics 

•  4-bit  and  6-bit  high-speed  parallel  registers 

•  Common  clock  and  common  enable 


•  Positive  edge  triggered  D  flip-flops 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S378  is  a  6-bit,  high-speed  Schottky  register 
with  a  buffered  common  register  enable.  The  Am54S/74S379 
is  a  4-bit  register  with  a  buffered  common  register  enable. 
The  devices  are  similar  to  the  Am54S/74S174  and  Am54S/ 
74S175  but  feature  the  common  register  enable  rather  than 
common  clear. 

Both  registers  will  find  application  in  digital  systems  where 
information  is  associated  with  a  logic  gating  signal.  When 
the  enable  is  LOW,  data  on  the  D  inputs  is  stored  in  the 
register  on  the  positive  going  edge  of  the  clock  pulse.  When 
the  enable  is  HIGH,  the  register  will  not  change  state  regard- 
less of  the  clock  or  data  input  transitions. 


LOGIC  SYMBOLS 
Am54S/74S378  Am54S/74S379 


1       3      4      6  11 

HIM 

13 

14 

1 

14           5          12  13 

A     1      1      1  1 

E     Do     Di    D;  D3 

0, 

E         D0         Di         D2  D3 

CP            6-BIT  REGISTER 

9   

CP              4  BIT  REGISTER 

OO    Ql    02  03 

-:, 

as 

OO         Ql         02  °3 

MM 

2       5       7  10 

1 

12 

T 

t 1 f ttttl 

3      2     6     7     11    10  14  15 

Vcc-Pi"  16 
GND  =  Pin  8 


'  ^o- 


LOGIC  DIAGRAMS 
Am54S/74S378 

D2 

3Z 


Am54S/74S379 


— 1>° — -r 


CP  D 
0  Q 


Q2  Q2 


Q3  03 


CONNECTION  DIAGRAMS 
Top  Views 


Am54S/74S378 


Am54S/74S379 


VCC   °5     D5     °4    °4     D3     Q3  CP 

nnnnnnnn 

IB     15     14     13     12      11     10  9 


2       3       4       5       6       7  8 

UULIUUUUU 


Vcc    Q3     Q3     D3     D2     Q2     O2  CP 

nnnnnnnn 

16     15     14     13     12      11     10  9 


E     Q0     O0     D,  D2    d2  GND 

Note:  Pin  1  is  marked  for  orientation. 


uuuuuuuu 

E      Q0     00     D0     D,     Q,     Q1  GND 
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Am54S/74S378  •  Am54S/74S379 


MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to +7  V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5  V  to  +VCC  max. 

DC  Input  Voltage 

-0.5  V  to  +5.5  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current  -30mA  to  +5.0mA 


SN54S378,  SN 

Parameters 


S379 
S379 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Not* 

MIN.  =  4.75V 
MIN.  =  4.5V 

Min. 


TA  =  0°C  to  +70°C 
TA  =  -55'Cto+125°C 


Description 


Vcc  -  5.0V  ±5%  (COM'L) 
VCC  =  5.0V  ±10%  (MIL) 

Test  Conditions  (Note  D 


MAX.  -  5.25V 
MAX.  =  5.5V 


Typ.lNote  2) 


Max. 


d) 


Units 


VOH 

Output  HIGH  Voltage 

VCC  =  MIN.,  I0H  "  -1mA 
V|N  *  V|H  or  V||_ 

COM'L 

2.7 

3.4 

Volts 

MIL 

2.5 

3.4 

vol 

Output  LOW  Voltage 

VCC  =  MIN.,  I0L  =  20mA 
VlN'ViHOrViL 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  "  MIN-  'IN  =  -18mA 

-1.2 

Volts 

1 1 1_ 

Unit  Load 

Input  LOW  Current 

VCC  =  MAX.,  V|N  -0.5V 

-2 

mA 

>IH 

Unit  Load 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  2.7V 

50 

MA 

'1 

Input  HIGH  Current 

VCC  =  MAX.,  V|N-  5.5V 

1.0 

mA 

•sc 

Output  Short  Circuit  Current  (Note  3) 

VCC  =  MAX. 

-100 

mA 

ice 

Power  Supply  Current  (Note  4) 

VCC  "  MAX. 

S378 

90 

144 

mA 

S379 

60 

96 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vq0  =  5-0v-  25°C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Outputs  open;  enable  grounded;  data  inputs  at  4.5V,  measured  after  a  momentary  ground,  then  4.5  V  applied  to  the  clock  input. 


Switching  Characteristics  (TA  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Clock  to  Output 

4 

8 

12 

ns 

«PHL 

Clock  to  Output 

4 

11.5 

17 

ns 

tpw 

Clock  Pulse  Width 

7 

ns 

h 

Da  ta 

VCC-5.0V,  CL=  15pF,  RL  =  280fi 

5.5 

ns 

h 

Enable 

g 

ns 

th 

Data 

3 

ns 

th 

Enable 

3 

i  

ns 
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Am54S/74S388 

Quad  D  Register  With  Standard  And  Three-State  Outputs 


Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  Four  D-type  flip-flops 

•  Four  standard  totem-pole  outputs 


Four  three-state  outputs 
75  MHz  clock  frequency 

100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am54S/74S388  consists  of  four  D-type  flip-flops  with  a 
buffered  common  clock.  Information  meeting  the  set-up  and 
hold  requirements  on  the  D  inputs  is  transferred  to  the  Q 
outputs  on  the  LOW-to-HIGH  transition  of  the  clock. 

The  same  data  as  on  the  Q  outputs  is  enabled  at  the  three- 
state  Y  outputs  when  the  "output  control"  (OE)  input  is  LOW. 
When  the  OE  input  is  HIGH,  the  Y  ouptuts  are  in  the  high- 
impedance  state. 

The  Am54S/74S388  is  a  4-bit,  high-speed  Schottky  register 
intended  for  use  in  real-time  signal  processing  systems 
where  the  standard  outputs  are  used  in  a  recursive  algorithm 
and  the  three  state  outputs  provide  access  to  a  data  bus  to 
dump  the  results  after  a  number  of  iterations. 

The  device  can  also  be  used  as  an  address  register  or  status 
register  in  computers  or  computer  peripherals. 

Likewise,  the  Am54S/74S388  is  also  useful  in  certain  display 
applications  where  the  standard  outputs  can  be  decoded  to 
drive  LED's  (or  equivalent)  and  the  three-state  outputs  are 
bus  organized  for  occasional  interrogation  of  the  data  as 
displayed. 


LOGIC  SYMBOL 


4        12  15 


2     5    11    14    3     6    10  13 


VCC  =  Pi"  '6 
GND  =  Pin  8 


LOGIC  DIAGRAM 


CONNECTION  DIAGRAM 
Top  View 


Q2    Y,  CP 


tr*0- 1 


■[So—-. 


uuuuuuuu 

D0     °0     Y0     Dl     Ql     Y1     0E  GND 


Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S388 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 
 —  


Storage  Temperature 


-65°C  to  +  150  C 


Temperature  (Ambient)  Under  Bias 


-55  C  to  +125  C 


Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 


-0.5V  to  +7V 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 


-0.5V  to  +5.5V 


DC  Output  Current,  Into  Outputs 


30mA 


DC  Input  Current 


-30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


SN74S388 
SN54S388 

Parameters 


•  0  C  to  *70  C 
-S5°C  to  +125°C 

Description 


Vcc  =  5.0V  : 
VCC-  5.0V 


5%  (COM'U 
10%  (MIL) 


MIN.  -  4.75V 
Ml  N.  =  4.5V 


MAX.  =  5.25V 
MAX.  =  5.5V 


Test  Conditions  (Note  1) 


Typ. 

Min.  (Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

VCC  =  MIN., 
V|N  =  VIH  or  V|L 

Q     Iqh  =  ~1mA 

MIL 

2.5 

3.4 

Volts 

COM'L 

2.7 

3.4 

Y 

MIL,  l0H  =  -2mA 

2.4 

3.4 

COM'L,  l0H  =  -6.5mA 

2.4 

3.2 

vol 

Output  LOW  Voltage  (Note  6) 

VCC  «•  MIN.,  Iql  -  20mA 
V|N  "  V|H  or  V|L 

0.5 

Volts 

V|H 

1  1 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  IIN  =  -18mA 

-1,2 

Volts 

IlL 

Input  LOW  Current 

VCC  »  MAX.,  V|N  =  0.5V 

-2.0 

mA 

■iH 

Input  HIGH  Current 



VCC  =  MAX.,  VIN  =  2.7V 

50 

itA 

'I 

Input  HIGH  Current 

Vcc  =  MAX.,  V|N  =  5.5V 

1.0 

mA 

'o 

Y  Output  Off -State 
Leakage  Current 

VCC  =  MAX. 

Vq  -  2.4V 

50 

mA 

V0  =  0.4V 

-50 

isc 

'  

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX- 

-40 

-100 

mA 

ice 

Power  Supply  Current 

VCC  -  MAX.  (Note  4) 

80 

130 

mA 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VQC  =  50v.  TA  =  25°c  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  shoud  not  exceed  one  second. 

4.  Icc  is  measured  with  all  inputs  at  4.5V  and  all  outputs  open. 

5.  Measured  on  Q  outputs  with  Y  outputs  open.  Measured  on  Y  outputs  with  Q  outputs  open. 


Switching  Characteristics  (TA  =  +25°C,  vCc  =  5.0V,  RL  =  28012) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

'PLH 

Clock  to  Q  Output 

6.0 

9.0 

ns 

tPHL 

8.5 

13 

lpw 

Clock  Pulse  Width 

HIGH 

7.0 

ns 

LOW 

9.0 

«s 

Data 

CL  =  15pF 

5.0 

ns 

th 

Data 

3.0 

ns 

'PLH 

Clock  to  Y  Output 

6.0 

9.0 

ns 

«PHL 

(OE  LOW) 

8.5 

13 

<ZH 

CL  =  15pF 

12.5 

19 

«ZL 

Output  Control  to  Output 

12 

18 

'HZ- 

Cl  =  5.0pF 

4.0 

6.0 

ns 

«LZ 

7.0 

10.5 

fmax 

Maximum  Clock  Frequency 

CL  = 15pF 

75 

100 

MHz 
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Am54S/74S399 

Quad  Two-Input,  High-Speed  Register 


Distinctive  Characteristics 

•  Four-bit  register  accepts  data  from  one  of  two  4-bit 
input  fields 

•  Edge  triggered  clock  action 


High-speed  Schottky  technology 

100%  reliability  assurance  testing  in  compliance  with 

MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am54Sf74S399  is  a  dual  port  high-speed,  four-bit  regis- 
ter using  advanced  Schottky  technology  to  reduce  the  effect 
of  transistor  storage  time.  The  register  consists  of  four  D 
flip-flops  with  a  buffered  common  clock,  and  a  two-input 
multiplexer  at  the  input  of  each  flip-flop.  A  common  select 
line,  S,  controls  the  four  multiplexers.  Data  on  the  four  inputs 
selected  by  the  S  line  is  stored  in  the  four  flip-flops  at  the 
clock  LOW-to-HIGH  transition.  When  the  S  input  is  LOW,  the 
DjA  input  data  will  be  stored  in  the  register.  When  the  S  input 
is  HIGH,  the  Dja  input  data  will  be  stored  in  the  register. 


LOGIC  SYMBOL 


3       4       6       5      11      12      14  13 


°0A  °08   DlA  nl 

D2A  D2B  D3A  D3B 

S 

CP 

QO  Q, 

Q2  Q3 

vCc 

GND 


10  16 


Pin  16 
=  Pin  8 


CONNECTION  DIAGRAM 
Top  View 

VCC   Q3   °3A  n3B  D2B  D2A    °2  CP 

nnnnnnnn 

16     15      14      13      12      11      10  9 


12       3       4       5       6       7  8 

UUUUUUUU 

S      °0    D0A  D0B  °1B  D1A    Ql  GND 


Note:  Pin  1  is  marked  for  orientation. 
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Am54S/74S399 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5  V  to  +7  V 

DC  Voltage  Applied  to  Outputs  for  High  Output  State 

-0.5  V  to  +VCC  max. 

ul,  input  voltage 

— U.O  V  to  V 

DC  Output  Current,  Into  Outputs 

30  mA 

DC  Input  Current 

-30  mA  to  +5.0  mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


SN74S399  TA  =  0°C  to +70°C  Vcc  =  5.0  V  ±  5%  (COM' L)  MIN.  =  4.75V  MAX.  =  5.25  V 

SN54S399  TA  =  -55°  C  to  + 1  25°  C  Vcc  -  5.0  V  ±  1 0%  ( M I  L)  MIN.  =  4. 5  V  MAX.  =  5.5V 

Parameters  Description  Test  Conditions  (Note  i)  Min.        Typ.iNote  2)        Max.  Units 


VOH 

Output  HIGH  Voltage 

VCC  =  MIN.,  Iqh  "  -1.0mA 
V|N=V|HorV|L 

COM'L 

2.7 

3.4 

Volts 

MIL 

2.5 

3.4 

Vol 

Output  LOW  Voltage 

VCC  =  MIN.,  Iql  "  20.0mA 
vIN=vIH°rV|L 

0.3 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N= -18mA 

-1.2 

Volts 

!|L 

Unit  Load 

Input  LOW  Current 

VCC  -  MAX.,  V,N- 0.5  V 

-2.0 

mA 

1 IH 

Unit  Load 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  2.7  V 

50 

nA 

l| 

Input  HIGH  Current 

VCC  "  MAX.,  V|N  =  5.5V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  3) 

VCC  =  MAX. 

-40 

-100 

mA 

"CC 

Power  Supply  Current 

VCc  =  MAX.  'Note  4> 

75 

120 

mA 

Notes:  1 .  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqc  =  5.0  V,  25°  C  ambient  and  maximum  loading. 

3.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

4.  Measured  with  Select  and  Clock  inputs  at  4.5  V;  all  data  inputs  at  0V;all  outputs  open. 


Switching  Characteristics  (Ta  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

«PLH 

Clock  to  Q  HIGH 

8 

12 

ns 

«PHL 

Clock  to  Q  LOW 

11.5 

17 

ns 

tpw 

Clock  Pulse  Width 

7 

ns 

*s 

Data  Set-up  Time 

VCC  =  5  °V,  CL  -  15pF,  BL  =  280n 

5.5 

ns 

«s 

Select  Input  Set-up  Time 

10 

ns 

«h 

Data  Hold  Time 

3 

ns 

4 

Select  Input  Hold  Time 

3 

ns 
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Am54S/74S412 

Eight-Bit  Input/Output  Port 


The  54S/74S412  is  Texas  Instruments'  second 
source  part  number  to  the  AMD/Intel  8212 
device. 

See  the  Am8212  data  sheet  for  full 
information. 
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Am3212*Am8212 

Eight-Bit  Input/Output  Port 


Distinctive  Characteristics 

•  Fully  parallel,  8-bit  data  register  and  buffer  replacing 
latches,  multiplexers  and  buffers  needed  in  micro- 
processor systems. 

•  4.0V  output  high  voltage  for  direct  interface  to  MOS 
microprocessors,  such  as  the  Am9080A  family. 

•  Input  load  current  250mA  max. 

•  Reduces  system  package  count 


•  Available  for  operation  over  both  commercial  and 
military  temperature  ranges. 

•  Advanced  Schottky  processing  with  100%  reliability 
assurance  testing  in  compliance  with  Ml  L-STD-883. 

•  Service  request  flip-flop  for  interrupt  generation 

•  Three-state  outputs  sink  15mA 

•  Asynchronous  register  clear  with  clock  over-ride 


FUNCTIONAL  DESCRIPTION 

All  of  the  principal  peripheral  and  input/output  functions 
of  a  Microcomputer  System  can  be  implemented  with  the 
Am3212  •  Am8212.  The  Am3212  •  Am8212  input/output 
port  consists  of  an  8-latch  with  3-state  output  buffers  along 
with  control  and  device  selection  logic,  which  can  be  used  to 
implement  latches,  gated  buffers  or  multiplexers. 


LOGIC  DIAGRAM 


_      1  SERVICE 

flFVIfF  ■  V 


(ACTIVE  LOWI 


CONNECTION  DIAGRAM 
Top  View 


• 

md| 

2 

»iiz 

6 

6 

°°3[Z 

8 

DC 

9 

004  C 

10 

stb| 

11 

12 

Am3212 
Am8212 


ZIVCC 
TJiNT 

□  do8 

Zl°'7 

□  D07 
ZI°'6 
ZID06 

16  |IDI5 
]D°5 
]  CLR 
]DS2 


Note:  Pin  1  is  marked  for  orientation. 


PIN  DEFINITION 


Dh-DIg 

DATA  IN 

DO-]  —  DOg 

DATA  OUT 

DS^-DS2 

DEVICE  SELECT 

MD 

MODE 

STB 

STROBE 

fNT 

INTERRUPT  (ACTIVE  LOW) 

CLR 

CLEAR  (ACTIVE  LOW) 

ORDERING  INFORMATION 

Package  Temperature  Order 

Type  Range  Number 


Hermetic  DIP 
Hermetic  DIP 

Molded  DIP 

Dice 
Hermetic  DIP 
Hermetic  DIP 

Molded  DIP 


-55  C  to  +125  C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 

-55°C  to  +125°C 
0°C  to  +70°  C 


AM8212DM 

D8212 

P8212 
AM8212XC 

D3212 
MD3212 

P3212 
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Am3212»  Am8212 


FUNCTIONAL  DESCRIPTION  (Cont'd) 
Data  Latch 

The  8  flip-flops  that  make  up  the  data  latch  are  of  a  "D"  type 
design.  The  output  (Q)  of  the  flip-flop  will  follow  the  data 
input  (D)  while  the  clock  input  (C)  is  high.  Latching  will  occur 
when  the  clock  (C)  returns  low. 

The  data  latch  is  cleared  by  an  asynchronous  reset  input 
(CLR).  (Note:  Clock  (C)  Overrides  Reset  (CLR)). 

Output  Buffer 

The  outputs  of  the  data  latch  (Q)  are  connected  to  3-state, 
non-inverting  output  buffers.  These  buffers  have  a  common 
control  line  (EN);  this  control  line  either  enables  the  buffer 
to  transmit  the  data  from  the  outputs  of  the  data  latch  (Q) 
or  disables  the  buffer,  forcing  the  output  into  a  high  im- 
pedance state.  (3-state).  This  high-impedance  state  allows  the 
Am3212  •  Am8212  to  be  connected  directly  onto  the  micro- 
processor bi-directional  data  bus. 

Control  Logic 

The  Am3212  •  Am8212  has  control  inputs  TJS*1,  DS2,  MD 
And  STB.  These  inputs  are  used  to  control  device  selection, 
data  latching,  output  buffer  state  and  service  request  flip-flop. 

DSl  DS2  (Device  Select) 

These  2  inputs  are  used  for  device  selection.  When  DSi  is  low 
and  DS2  is  high  (DSi  ■  DS2)  the  device  is  selected.  In  the 
selected  state  the  output  buffer  is  enabled  and  the  service 
request  flip-flop  (SR)  is  asynchronously  set. 


MD  (Mode) 

This  input  is  used  to  control  the  state  of  the  output  buffer  and 
to  determine  the  source  of  the  clock  input  (C)  to  the  data 
latch. 

When  MD  is  high  (output  mode)  the  output  buffers  are  en- 
abled and  the  source  of  clock  (C)  to  the  data  latch  is  from  the 
device  selection  logic  (DS^  •  DS2). 

When  MD  is  low  (input  mode)  the  output  buffer  state  is 
determined  by  the  device  selection  logic  (DSi  •  DS2)  and  the 
source  of  clock  (C)  to  the  data  latch  is  the  STB  (Strobe)  input. 

STB  (Strobe) 

This  input  is  used  as  the  clock  (C)  to  the  data  latch  for  the 
input  mode  MD  =  0)  and  to  synchronously  reset  the  service 
request  flip-flop  (SR). 

Note  that  the  SR  flip-flop  is  negative  edge  triggered. 
Service  Request  Flip-Flop 

The  SR  flip-flop  is  used  to  generate  and  control  interrupts 
in  microcomputer  systems.  It  is  asynchronously  set  by  the 
CLR  input  (active  low).  When  the  (SR)  flip-flop  is  set  it  is  in 
the  non-interrupting  state. 

The  output  of  the  (SR)  flip-flop  (Q)  is  connected  to  an  in- 
verting input  of  a  "NOR"  gate.  The  other  input  to  the  "NOR" 
gate  is  non-inverting  and  is  connected  to  the  device  selection 
logic  (DS,  ■  DS2).  The  output  of  the  "NOR"  gate  (INT)  is 
active  low  (interrupting  state)  for  connection  to  active  low 
input  priority  generating  circuits. 


TRUTH  TABLE 


STB 

MD 

OS,  -  DS2 

Data  Out  Equals 

0 

0 

0 

Three-State 

1 

0 

0 

Three-State 

0 

1 

0 

Data  Latch 

1 

1 

0 

Data  Latch 

0 

0 

1 

Data  Latch 

1 

0 

1 

Data  In 

0 

1 

1 

Data  In 

1 

1 

1 

Data  In 

CLR 

DSt  -  DS2 

STB 

SR* 

INT 

0 

0 

0 

1 

1 

0 

1 

0 

1 

0 

1 

1 

A. 

0 

0 

1 

1 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

0 

:i_R  -  Resets  Data  Latch 

-  Sets  SR  Flip-Flop  (no  effect  on  Output  Buffer) 
■  Internal  SR  Flip-Flop 
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Am3212«  Am8212 

MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature  -65  C  to  +150  C 

Temperature  (Ambient)  Under  Bias  —  55° C  to  +125°C 

Supply  Voltage  -0.5V  to  +7.0V 

Output  Voltage  -0.5  V  to  +7.0 V 

Input  Voltages  -1.0V  to +5. 5V 

Output  Current  (Each  Output)  125mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

P8212,  08212,  P3212,  D3212  (COM'LI  TA  -  0°  C  to  +70°C  VCC  -  5.0V  i  5% 

Am8212DM.  MD3212  (MILI  TA  =  -55°C  to  +1 25°C  VCC  =  5.0V  i  1 0% 

DC  CHARACTERISTICS 


Parameters 


Description 


Test  Conditions 


Min. 


Typ. 

(Note  1) 


Max. 


Units 


lp 

Input  Load  Current 

ACK,  DS2,  CR,  Dli  -  Dlo  Inputs 

 %  :  !  5 — _  

VF  =  0.45V 

-0.25 

mA 

if 

Input  Load  Current  MD  Input 

VF  =  0.45V 

-0.75 

mA 

'F 

Input  Load  Current  DSi  Input 

VF  =  0.45V 

-1.0 

mA 

|r 

Input  Leakage  Current 

ACK,  DS,  CR,  Dli  -  Dig  Inputs 

VR  =  5.25V 

10 

eA 

|R 

Input  Leakage  Current  MO  Input 

VR  =  5.25V 

30 

MA 

|R 

Input  Leakage  Current  DS-j  Input 

VR  =  5.25V 

40 

uA 

vc 

Input  Forward  Voltage  Clamp 

IC  =  -5.0mA 

COM'L 

-1.0 

Volts 

MIL 

-1.2 

V|L 

Input  LOW  Voltage 

COM'L 

0.85 

Volts 

MIL 

0.80 

V|H 

Input  HIGH  Voltage 

2.0 

Volts 

vol 

Output  LOW  Voltage 



l0L  =  15mA 

0.45 

Volts 

VOH 

Output  HIGH  Voltage 

'OH  =  —1 .0mA 

COM'L 

3.65 

4.0 

Volts 

MIL 

3.3 

4.0 

'OH  =  —0.5mA 

MIL 

3.5 

4.0 

'sc 

Short  Circuit  Output  Current 

v0  =  ov 

-15 

-75 

mA 

liol 

Output  Leakage  Current 
High  Impedance 

V0  =  0.45V/5.25V 

20 

MA 

'cc 

Power  Supply  Current 

Note  2 

90 

130 

mA 

• 

AC  CHARACTERISTICS  (Note  3)  Typ 

Parameters                        Description                                                                         Min.       iNoteD        Max.  Units 

tpw 

Pulse  Width  30 

8 

ns 

«pd 

Data  to  Output  Delay 

12 

30 

ns 

w 

Write  Enable  to  Output  Delay 

18 

40 

ns 

'set 

Data  Set-up  Time 

15 

ns 

«h 

Data  Hold  Time 

20 

ns 

If 

Reset  to  Output  Delay 

18 

40 

ns 

ts 

Set  to  Output  Delay 

15 

30 

ns 

le 

Output  Enable/Disable  Time 

14 

45 

ns 

*c 

Clear  to  Output  Delay 

25 

55 

ns 

CAPACITANCE  (Note  4) 

F-    1.0MHz,  VB|AS  »  2.5  V,  Vc 


+  5.0V,  TA  =  25°C 


TEST  LOAD  (15mA  and  30pF) 


'arameters 

Description 

Typ. 

Max. 

Units 

C|N 

DSi  MD  Input  Capacitance 

9.0 

12 

pF 

C|N 

DS2,CK,  ACK,  D 1 1  —Dig 
Input  Capacitance 

5.0 

9.0 

pF 

COUT 

DOi  —  DOg  Output  Capacitance 

8.0 

12 

PF 

Notes:  1.   Typical  limits  are  at  Vcc  =  5.0V,  25°C  ambient  and  maximum  loading. 

7     CLR  =STB  =  HIGH.  DS,  -  DS2  -  MD  -  LOW;  all  data  inputs  are  gound,  all  data  outputs  are  open. 

3.  Conditions  of  Test:  a)    Input  pulse  amplitude  =  2.5V 

b)  Input  rise  and  fall  times  5.0ns 

c)  Between  1.0V  and  2.0V  measurements  made  at  1.5V  with  15mA  and  30pF  Test  Load. 

4.  This  parameter  is  sampled  and  not  100%  tested. 


T 


'Including  Jig  and  Probe 
Capacitance. 
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Am3212»  Am8212 


Input  Current  Versus 
Input  Voltage 


TYPICAL  CHARACTERISTICS 

Output  Current  Versus 
Output  LOW  Voltage 


Output  Current  Versus 
Output  HIGH  Voltage 


vCc" 

5.0V 

TA  -  75'C 

TA  -  OX 

w 

-3-2-10        1  2 
INPUT  VOLTAGE  -  VOLTS 


Data  to  Output  Delay 
Versus  Load  Capacitance 


vcc 

5.0V 

75°  C 

— TA 

TA  = 

=  o°c— 

0  0.2  0.4  0.6  0.6 

OUTPUT   LOW  VOLTAGE  -  VOLTS 

Data  to  Output  Delay 
Versus  Temperature 


1.0       2.0       3.0       4.0  5.0 


OUTPUT   HIGH   VOLTAGE  —  VOLTS 


Write  Enable  to  Output  Delay 
Versus  Temperature 


vcc- 

TA" 

5.0V 
?5°C 

50  100  150  200  250  300 
LOAD  CAPACITANCE  -  pF 


£  16 
t- 

O 
< 

<  12 
Q 

10 


vcc  = 

5.0V  I 

STB 

DS2 

t4  * 

m 

t  

DS, 
1 

0  25  50  75  IX 
TEMPERATURE  —  °C 


-25        0         25  50 
TEMPERATURE  - 


INPUT  DEVICE 


3 

STB 

Dl  DO 

A 

5 

__6  

7 

8 

9 
113 

Am3212 

10 
15 

18 

Am8212 

17 

20 

19 

22 

21 

14 

CLR  INT 

DSt   md  ds2 

23 

1^    2^  13 


LOGIC  SYMBOLS 


Detailed 


OUTPUT  DEVICE 


Am3212 
Am8212 


—      ,  1 


Am3212 
Am8212 


TT 


Symbolic 


Am3212 
Am8212 
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TYPICAL  APPLICATIONS  OF  THE  Am8212 


GATED  BUFFER  (3 -ST ATE) 

By  tying  the  mode  signal  low  and  the  strobe  input  high,  the 
data  latch  is  acting  as  a  straight  through  gate.  The  output 
buffers  are  then  enabled  from  the  device  selection  logic  DSi 
and  DS2. 

When  the  device  selection  logic  is  false,  the  outputs  are  3-state. 

When  the  device  selection  logic  is  true,  the  input  data  from  the 
system  is  directly  transferred  to  the  output. 


INPUT  f  r\ 

DATA  \  ) 
(250|iA>  >  1/ 


Am3212 
Am8212 


i=  ZTT 


IDS,-DS2I 


OUTPUT 

DATA 

115mA) 

(3.65V  MIN.I 


Bi-Directional  Bus  Driver 


Two  Am3212  •  Am8212's  wired  back-to  back  can  be  used  as 
a  symmetrical  drive,  bi-directional  bus  driver.  The  devices  are 
controlled  by  the  data  bus  input  control  which  is  connected 
to  D§1  on  the  first  Am3212  •  Am8212  and  to  DS2  on  the 
second.  While  one  device  is  active,  and  acting  as  a  straight 
through  buffer  the  other  is  in  its  3-state  mode. 


DATA  t 

bus] 


TT 


V 


IT 


Am3212 
AmB212 


V 


IT 


Interrupting  Input  Port 

The  Am3212  •  Am8212  accepts  a  strobe  from  the  system 
input  source,  which  in  turn  clears  the  service  request  flip-flop 
and  interrupts  the  processor.  The  processor  then  goes  through 
a  service  routine,  identifies  the  port,  and  causes  the  device 
selection  logic  to  go  true  -  enabling  the  system  input  data 
onto  the  data  bus. 


STB 

SYSTEM    f  '\, 

INPUT    \   / 

Am3212 
Am8212 

SYSTEM 
RESET   _  ° 

CLR 

INT 

0— 

t  1 

TO  PRIORITY  CKT 

PORT  if  

.ECTION  I 

  (ACTIVE  LOW! 

OR 

  TO  CPU 

S,-DS2I  \t  

INTERRUPT  INPUT 
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Am3212  •  Am8212 

Interrupt  Instruction  Port 

The  Am3212  •  Am8212  can  be  used  to  gate  the  interrupt 
instruction,  normally  RESTART  instructions,  onto  the  data 
bus.  The  device  is  enabled  from  the  interrupt  acknowledge 
signal  from  the  microprocessor  and  from  a  port  selection  sig- 
nal. This  signal  is  normally  tied  to  ground.  (DSi  could  be 
used  to  multiplex  a  variety  of  interrupt  instruction  [ 
a  common  bus). 


RESTART  A-l  K 

INSTRUCTION  \  ) 
(RST  0-  RST  71  J-i  1/ 


Am3212 
Am8212 


,)  1  -L 


INTEI 
ACKNOW 


Output  Port  (With  Hand-Shaking) 

The  Am3212  •  Am8212  is  used  to  transmit  data  from  the 
data  bus  to  a  system  output.  The  output  strobe  could  be  a 
hand-shaking  signal  such  as  "reception  of  data"  from  the  de- 
vice that  the  system  is  outputting  to.  It  in  turn,  can  interrupt 
the  system  signifying  the  reception  of  date.  The  selection  of 
the  port  comes  from  the  device  selection  logic.   (D§1  •  DS2). 


■  OUTPUT  STROBE 


SYSTEM  ' 
INTERRUPT 


Am3212 
Am8212 


SYSTEM  OUTPUT 


■  SYSTEM  RESET 


PORT  SELECTION 
(LATCH  CONTROL) 
(DS7-DS2> 


Am9080A  Status  Latch 

The  input  to  the  Am3212  •  Am8212  latch  comes  directly 
from  the  Am9080A  data  bus.  Timing  shows  that  when 
the  SYNC  signal  is  true  (DSi   input),  and  01  is  true. 


(DSi  input)  then  the  status  data  will  be  latched  into  the 
Am3212  •  Am8212.  The  mode  signal  is  tied  high  so  that 
the  output  on  the  latch  is  active  and  evabled  all  the  time. 


Am9080A  D5 


STATUS  LATCH 


Am3212 
Am8212 


"7T 


-  WO 

-  STACK 

-  HLTA 

■  OUT 

■  Ml 


"1  r\ 

SYNC 

D~A  )( 


-  BASIC  , 
CONTROL  ' 

BUS 


£3 


vCc 
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Am8T26 

Schottky  Three-State  Quad  Bus  Driver/Receiver 


Distinctive  Characteristics 

•  Advanced  Schottky  technology 

•  40mA  driver  sink  current 

•  Three-state  outputs  on  driver  and  receiver 

•  PNP  inputs 


•  20ns  max.  driver  propagation  delay 

•  18ns  max.  receiver  propagation  delay 

•  100%  reliability  assurance  testing  in  compliance  with 


FUNCTIONAL  DESCRIPTION 

The  Am8T26  is  a  high  speed  bus  transceiver  consisting  of 
four  bus  drivers  with  three-state  outputs  and  four  bus 
receivers,  also  with  three-state  outputs.  Each  driver  output 
is  internally  connected  to  a  receiver  input.  Both  the  drivers 
and  receivers  have  PNP  inputs. 

One  buffered  common  "bus  enable"  input  is  connected  to 
the  four  drivers  and  another  buffered  common  "receiver 
enable"  input  is  connected  to  the  receivers.  A  LOW  on  the 
bus  enable  (B/E)  input  forces  the  four  driver  outputs  to  the 
high-impedance  state.  A  HIGH  on  the  bus  enable  allows 
input  data  to  be  transferred  onto  the  data  bus. 

A  HIGH  on  the  receiver  enable  (R/E)  input  forces  the  four 
receiver  outputs  to  the  high-impedance  state  while  a  LOW 
on  the  receiver  enable  input  allows  the  received  data  to  be 
transferred  to  the  output.  The  complementary  design  of  the 
bus  enable  and  receiver  enable  inputs  allows  these  control 
inputs  to  be  connected  together  externally  such  that  a  single 
transmit/receive  function  is  derived. 


LOGIC  SYMBOL 


4 

I 

7  9 
l  l 

12 

B/E 

D,  D2 

D3 

»1 

R/E 

B0 

Am8T26 
81  B2 

B3 

R2 
"3 

rrrr 

3         6         10  13 


Vcc  =  Pin  16 
GN D  =  Pin  8 


LOGIC  DIAGRAM 


Jr     Jr     i!1  ir 

i — i — "V  i — *v  i — 


>o  , 

(21 

(51 

1111 

Package 
Type 


ORDERING  INFORMATION 


Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 

Dice 


0  Cto  +75  C 
0°C  to  +75°C 
0°Cto  +75°C 
-55°Cto+125°C 
-55°Cto+125°C 


N8T26B 

N8T26F 

AM8T26XC 

S8T26F 

AM8T26XM 


CONNECTION  DIAGRAM 
Top  View 

Vcc  B/E     R3     B3     D3     R2     B2  D2 

nnnnnnnn 


16     15      14     13      12      11     10  9 
Am8T26 

2       3       4       5       6       7  8 


uuuuuuuu 

R/E     R„     B„     D„      R,      R,      D,  GND 


Note:  Pin  1  is  marked  for  orientation. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto+125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

—0.5V  to  +Vrx  fax. 

DC  Input  Voltage 



-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current 

-30mA  to  +5.0mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

VCC  =  5.0V±5%  MIN.  =  4.75V  MAX.  =  5.25V 


N8T26  TA  =  0  C  to  +75  C 

S8T26  TA  =  -55°C  to  + 1  25°C 


Typ. 


Parameters 

Description 

Test  Conditions  (Note  11 

Min. 

(Note  2) 

Max. 

Units 

V0H 

Driver  Output  HIGH  Voltage 

Vcc  =  MIN.,  I0H  =  -10mA 
VIN  =  VIH  or  V|L 

2.6 

3.1 

Volts 

vol 

Driver  Output  LOW  Voltage 

VCC  =  MIN.,  Iql  "  40mA 
V|N  "  V|H  or  V|L 

0.5 

Volts 

V0H 

Receiver  Output  HIGH  Voltage 

Vcc  =  MIN.,  Iqh  =  -2mA 
VIN  =  vIHor  VIL 

2.6 

3.1 

Volts 

vol 

Receiver  Output  LOW  Voltage 

VCC  -  MIN.,  Iql  =  -16mA 
VIN  =  V|H  or  V|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

VlL 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.85 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -5mA 

-1.0 

Volts 

•lL 

(Note  3) 

Input  LOW  Current 

VCC  =  MAX.,  V,N  =  0.4V 

-0.2 

mA 

■iH 

(Note  3) 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  -  5.25V 

25 

MA 

>sc 

Output  Short  Circuit  Current 

VCC  =  MAX.,  V0UT  =  0.0V 

Diiver 

-50 

-150 

mA 

(Note  4) 

Receiver 

-30 

-75 

ice 

Power  Supply  Current 

VCC=  MAX. 

87 

mA 

'o 

Bus  Leakage  Current  with 
Driver  Off 

VCC  =  MAX.,  VBUS  =  2.6V 
V|N  =  VIH  or  V|L 

100 

"A 

Notes:    1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^q  =  5.0V,  25°C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 


Switching  Characteristics  (Ta  =  +25°C,  Vcc  =  5-0V) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

tPLH 

Driver  Input  to  Bus 

Figure  1 

16 

20 

ns 

tPHL 

16 

20 

«PLH 

Bus  to  Receiver  Output 

Figure  2 

13 

18 

tPHL 

6 

10 

ns 

tZL 

Driver  Enable  to  Bus 

Figure  3 

29 

38 

tLZ 

35 

43 

ns 

»ZL 

Receiver  Enable  to 

Figure  4 

20 

30 

tLZ 

Receiver  Output 

10 

17 

ns 
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DEFINITION  OF  FUNCTIONAL  TERMS 

D0,  Di,  D2,  D3  The  four  driver  inputs. 

Bo,  Bi,  B2,  B3  The  four  driver  outputs  and  receiver  inputs 

(data  is  inverted). 

Ro.  Rl,R2.  R3  Tne  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  driver  inputs  is  non- 
inverted. 

B/E    Bus  enable  input.  When  the  bus  enable  input  is  LOW, 
the  four  driver  outputs  are  in  the  high-impedance  state. 
R/E    Receiver  enable  input.  When  the  receiver  enable  input 
is  HIGH,  the  four  receiver  outputs  are  in  the  high-impedance 
state. 


LOADING  RULES  (In  Unit  Loads) 


LOW 


Fan-out 


Input/Output 

Pin  IMo.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

R/E 

1 

1/8 

— 

" 

Ro 

2 

50 

10 

Bo 

3 

1/16 

250 

25 

D0 

4 

1/8 

"1 

s 

50 

10 

Bi 

6 

1/16 

250 

25 

D1 

7 

1/8 

GND 

8 

D2 

9 

1/8 

B2 

1 0 

1/16 

250 

25 

"2 

11 

50 

10 

"3 

12 

1/8 

B3 

13 

1/16 

250 

25 

R3 

14 

50 

10 

B/E 

15 

1/8 

vCc 

16 

A  TTL  Unit  Load  is  defined  as  -1.6mA  measured  at  0.4V  LOW 
and  40;iA  measured  at  2.4V  HIGH. 


DRIVER  FUNCTION  TABLE 


RECEIVER  FUNCTION  TABLE 


INPUTS 

OUTPUT 

B/E 

Di 

Bi 

L 

X 

Z 

H 

L 

H 

H 

H 

L 

L  =  LOW  X  =  Don't  Care 

H  =  HIGH  Z  =  High  Impedance 

i=  0,1,  2,  or  3 


H  =  HIGH 

i  =  0.  1,2,  or  3 




INPUTS 

OUTPUT 

H 

X 

Z 

L 

L 

H 

L 

H 

L 

L  =  LOW 

X  = 

Don't  Care 

Z  =  High  Impedance 


INPUT/OUTPUT  CURRENT  INTERFACE  CONDITIONS 


4-132 


Am8T26 


AC  TEST  CIRCUITS  AND  WAVEFORMS 
PROPAGATION  DELAY  (Data  In  to  Bus) 

2.6V  O  OVCC  =  5.0V  O  2.6V 


H4- 


SOOpF 


INPUT  jfZ  ^-15V 

lPHL  -J        |-«    |—   <PLH 

OUTPUT               _ -J^l.SV 
\  / 


INPUT  PULSE: 
tr-t(-5nj(10%to9O*) 
freq  =  10MHz  (50%  duly  cy. 


Figure  1 


PROPAGATION  DELAY  (Bus  to  Receiver  Out) 


>VCC-5.0V 


-w- 


r  —f—  i.5v  -A- 1.5V 

— 4  T  

'phl— H    |—  — A  Y — ,pLH 

~Y5V  Z"7" 


30  pF  ^  CUKQ 


INPUT  PULSE: 
l-  =  t(  =  5ns(10%  to  90%) 
maq  =  10MHz  150%  duty  cycle! 
Amplitude  =  2.6V 


Figure  2 


PROPAGATION  DELAY  (Bus  Enable  to  Bus  Output) 





1 


i 

•ayfeo  «*»] 

ska , 
iPnOBEi; 

'  J 

;  300nF  X 

INPUT  ^Tsv  ^  '-SV 

'ZL— ]        Y  -|        j""  'l 

OUTPUT  ^^j^  1.5V 


INPUT  PULSE: 
tr  =  t,  ■=  5ns  1 10%  to  90%) 
Ireq  =  5MHi  (50%  duty  cycle! 
Amplitude  ■  2.6V 


Figure  3 


PROPAGATION  DELAY  (Receive  Enable  to  Receive  Output) 

2.6V  O  OVcc 


B/E  B1 


T 


'  2.4kH                    240II  < 

5Kn< 

(PROBE); 

'  J 

^  30pF  S 

INPUT                         1.5V  ^jt^ 
>LZ-J        |—  J 

OUTPUT 


INPUT  PULSE 
lf  =  I,  =  5n*(10%to90%) 
(req  «  5MHz  [50%  duty  cycle! 
Amplitude  =  2.6V 


Figure  4 
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APPLICATION 


4-BIT  BUS 
TOOTHER 
Am8T26's 


D,  R, 
D2                   Am8T26  Rj 

D3  R3 
B/E  R/E 

DATA 
OUT 


D0     B0         Bl         B2         B3  RQ 

ft  Ri 

Am8T26 

D2  R2 
03  R3 

B7E  R/E 

1  DATA 
I  OUT 


H  =  THANSMIT 
L  -  RECEIVE 


H  =  TRANSMIT 


Metallization  and  Pad  Layout 


D,  7- 


J  I 


DIE  SIZE  0.063"  X  0.082 
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Am8T26A-Am8T28 

Schottky  Three-State  Quad  Bus  Driver/Receiver 


ve  Characteristics 

Advanced  Schottky  technology 
48mA  driver  sink  current 
Three-state  outputs  on  driver  and  reciever 
PNP  inputs 

Am8T26A  has  inverting  outputs 
Am8T28  has  non-inverting  outputs 


Driver  propagation  delay  —  14ns  max.  for  8T26A; 
17ns  max.  for  8T28 

Receiver  propagation  delay  —  14ns  max.  for  8T26A; 
17ns  max.  for  8T28 

100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883 


FUNCTIONAL  DESCRIPTION 

The  Am8T26A/Am8T28  are  high  speed  bus  transceivers 
consisting  of  four  bus  drivers  with  three-state  outputs  and 
four  bus  receivers,  also  with  three-state  outputs.  Each  driver 
output  is  internally  connected  to  a  receiver  input.  Both  the 
drivers  and  receivers  have  PNP  inputs. 

One  buffered  common  "bus  enable"  input  is  connected  to 
the  four  drivers  and  another  buffered  common  "receiver 
enable"  input  is  connected  to  the  receivers.  A  LOW  on  the 
bus  enable  (B/E)  input  forces  the  four  driver  outputs  to  the 
high-impedance  state.  A  HIGH  on  the  bus  enable  allows 
input  data  to  be  transferred  onto  the  data  bus. 

A  HIGH  on  the  receiver  enable  (R/E)  input  forces  the  four 
receiver  outputs  to  the  high-impedance  state  while  a 
on  the  receiver  enable  input  allows  the  received  data  1 
transferred  to  the  output.  The  complementary  design  of  1 
bus  enable  and  receiver  enable  inputs  allovi 
inputs  to  be  connected  together  externally  such  t 
transmit/receive  function  is  derived. 


LOGIC  SYMBOL 


D,  D2 

R0 

e/E 

Am8T26A 

Rl 

R2 

R/E 

B  "3 

Bo 

B1  B2 

B3 

Am8T26A 
Inverting  Output  (Three-State) 


JT  J?  J?  Jr 


f 

\ 

f 

> — ' 

(21 

151 
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ORDERING  INFORMATION 


Package 
Type 


Temperature 
Range 


Am8T26A  Am8T28 
Order  Order 
Number  Number 


Molded  DIP  0°C  to +75°C  N8T26AB  N8T28B 
Hermetic  DIP      0°C  to  +75°C         N8T26AF  N8T28F 

Dice  0°Cto+75°C  AM8T26AXC  AM8T28XC 

Hermetic  DIP  -55"C  to  +1 25°C       S8T26AF  S8T28F 

Dice  -55°Cto+125°C  AM8T26AXM  AM8T28XM 


CONNECTION  DIAGRAM 
(Top  View) 

Vcc    B/E     Rj      B3      D3      R2      B2  D2 

nnnnnnnn 


16     15      14      13      12      11      !0  9 


Am8T26A'Am8T28 


1       2        3       4       5       6  7 


uuuuuuuu 

R/E    R0     B0     D0     R,     B,  GND 

Note:  Pin  1  is  marked  for  orientation. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°  C  to  +150°C 

Temperature  (Ambient)  Under  Bias 

-55°C  to  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs  (Receiver) 

30mA 

DC  Output  Current,  Into  Outputs  (BUS) 

80mA 

DC  Input  Current 

-30mA  to  +5.0mA 

ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 

The  Following  Conditions  Apply  Unless  Otherwise  Noted: 

N8T26A.  N8T2S  TA  ■  0°C  to  +75°C  (COM' L)  MIN.  =  4.75  V  MAX.  =  5.25  V 
S8T26A.    S8T28      TA  -  -55°C  to  + 1 25°C  (M I  L)     MIN.  =  4.50  V      MAX.  =  5.50  V 

DC  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE 


Parameters 

Description 

Test  Conditions  (Note  i) 

Min. 

(Note  2) 

Max. 

Units 

Driver 

•  1 1_ 

Low  Level  Input  Current 

V|N  =  0.4V 

-200 

MA 

III. 

Low  Level  Input  Current  (Disabled) 

V,N  =  0.4V 

-25 

ma 

•|H 

High  Level  Input  Current  (D|[sj,  Dg) 

V|N  =  VCCMAX. 

25 

ma 

vol 

Low  Level  Output  Voltage 

'OUT  =  48mA  (Note  5) 

0.5 

Volts 

V0H 

High  Level  Output  Voltage 

'OUT  =  -10mA,  Vcc  =  VccMIN.(Note  6) 

2.4 

Volts 

'OS 

Short  Circuit  Output  Current 

V0UT  =0V,  VCC  =  VccMAX.(Note  41 

-50 

-150 

mA 

Receiver 

'IL 

Low  Level  Input  Current 

V|N  =0.4V 

-200 

ma 

l|H 

High  Level  Input  Current(R[£) 

V|N  *  VCCMAX. 

25 

ma 

vol 

Low  Level  Output  Voltage 

lOUT  =  20mA  (Note  5) 

0.5 

Volts 

V0H 

High  Level  Output  Voltage 

IOUT--100mA,  VCC  =  5.0V 

3.5 

Volts 

'OUT  =  —2.0mA  (Note  6) 

2.4 

'OS 

Short  Circuit  Output  Current 

V0UT  =  0V,  VCC  =  VCCMAX. 

-30 

-75 

mA 

Both  Driver  and  Receiver 

vTl 

Low  Level  Input  Threshold  Voltage 

0.85 

Volts 

V-TH 

High  Level  I  nput  Threshold  Voltage 

2.0 

Volts 

'O 

Low  Level  Output  Off  Leakage  Current 

VOUT  =  0.5V 

-100 

MA 

High  Level  Output  Off  Leakage  Current 

Vqut  =2.4V 

100 

ma 

V| 

Input  Clamp  Voltage 

l|N  =  -12mA 

-1.0 

Volts 

PWR/ 

Power/Current  Consumption 

Am8T26A 

VCC  =  VCCMAX. 

457/87 

mW/mA 

'cc 

Am8T28 

VCC  =  VCCMAX. 

578/110 

Switching  Characteristics  (Ta  =  +25°C,  Vcc  =  5.0  V)  Am8T26A  Am8T28 

Parameters  Description  Test  Conditions  Min.      Typ.      Max.       Min.      Typ.       Max.  Units 


'PLH 

Driver  Input  to  Bus 

Figure  1 

10 

14 

13 

17 

ns 

«PHL 

10 

14 

13 

17 

«PLH 

Bus  to  Receiver  Output 

Figure  2 

9.0 

14 

12 

17 

ns 

'PHL 

6.0 

14 

9.0 

17 

«ZL 

Driver  Enable  to  Bus 

Figure  3 

19 

25 

21 

28 

ns 

«LZ 

15 

20 

18 

23 

<ZL 

Receiver  Enable  to 
Receiver  Output 

Figure  4 

15 

20 

18 

23 

ns 

'LZ 

10 

15 

13 

18 

Notes:  1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  V^q  -  5.0  V,  2G°C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.  Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Output  sink  current  is  supplied  through  a  resistor  to  Vcc. 

6.  Measurements  apply  to  each  output  and  the  associated  data  input  independently. 
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Am8T26A  •  Am8T28 

(data  is  inverted). 

"o.  "l»  "2«  "3  The  four  receiver  outputs.  Data  from  the 
bus  is  inverted  while  data  from  the  driver  inputs  is  non- 
inverted. 

B/E    Bus  enable  input.  When  the  bus  enable  input  is  LOW, 
the  four  driver  outputs  are  in  the  high-impedance  state. 
R/E    Receiver  enable  input.  When  the  receiver  enable  input 
is  HIGH,  the  four  receiver  outputs  are  in  the  high-impedance 
state. 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Uutput 
LOW 

R/E                      11/8  - 

Ro 

2 

50 

10 

BO 

3 

•  16 

250 

25 

D0 

4 

1/8 

R1 

5 

50 

' " 

B1 

6 

•  :  >; 

250 

25 

t>1 

7 

1/8 

— 

GND 

8 

D2 

9 

1/8 

B2 

10 

1/16 

250 

25 

R2 

11 

— 

50 

10 

D3 

12 

1/8 

— 

B3 

13 

1/16 

250 

25 

"3 

14 

50 

10 

B/E 

15 

1/8 

vCc 

16 

A  TTL  Unit  Load 

is  defined 

as  —1 .6mA  measured  at 

0.4V  LOW 

and  40fiA  measured  at  2.4V  HIGH. 


DRIVER  FUNCTION  TABLE 


RECEIVER  FUNCTION  TABLE 


INPUTS 

Am8T26A 
OUTPUT 

Am8T28 
OUTPUT 

INPUTS 

Am8T26A 
OUTPUT 

Am8T28 
OUTPUT 

B/E 

Di 

Bi 

Bi 

R/E 

Bi 

Ri 

Ri 

L 
H 
H 

X 
L 
H 

Z 
H 
L 

Z 
L 
H 

H 
L 
L 

X 
L 
H 

Z 
H 

L 

Z 
L 
H 

L=  LOW 

X  =  Don't  Care 

L  =  LOW 

X  - 

Don't  Care 

H  =  HIGH 

i  =  0, 1,  2,  or  3 


Z  =  High  Impedance 


H  =  HIGH 

i-  0,1,  2,  or  3 


Z  «  High  Impedance 


INPUT/OUTPUT  CURRENT  INTERFACE  CONDITIONS 


BUS  DRIVER 
OUTPUT 


Note:  Actual  current  flow  direction  shown 
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Am8T26A  •  Am8T28 


AC  TEST  CIRCUITS  AND  WAVEFORMS 
PROPAGATION  DELAY  (Data  In  to  Bus) 

J  2.6V 


=0 

B/E 

»1 

R/e 

h 

Do 

Dl 

D2 
D3 

Rl 

"2 
»3 

1 


r  ^|^1.5V 

'PHL  -J        [—    «-|       f-   lPLH 

 \_  \l — 


INPUT  PULSE: 
tr  =  tf  =  5ns  M0%  to  90%) 
freq=  11  


Figure  1 


PROPAGATION  DELAY  (Bus  to  Receiver  Out) 


T 


-1.5V 


INPUT   ~jf~*-5V  -^|^-1.! 

tpHL— ]        |—   -|   I 


\'5V  ^ 


INPUT  PULSE: 
t=t,  =  5nsl10%to90%) 
freq  =  10MHz  (50%  duty  cycle) 
Amplitude  =  2.6V 


Figure  2 


PROPAGATION  DELAY  (Bus  Enable  to  Bus  Output) 


T 


1 

;2.4kn                    70!!  < 
W  1 

Skfi  , 
(PROBE)  ; 

Z  300 pF  % 

r 


-jC-  1.5V  -jL-  1.5V 

— A  ,  F  


INPUT  PULSE; 
t,*t,-5ns(10%to90%) 
Ireq  =  5MHi  (50%  duly  cycle) 
Amplitude  =  2.6V 


Figure  3 


PROPAGATION  DELAY  (Receive  Enable  to  Receive  Output) 


PULSE 
GENERATOR 


Figure  4 
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Am8T26A  •  Am8T28 


APPLICATION 


4-BIT  BUS 
TOOTHER 
Am6T26's 
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Am82S62 

Nine-Input  Parity  Checker/Generator 


Distinctive  Characteristics 

•  ODD/EVEN  parity  outputs 

•  Inhibit  input  to  disable  both  outputs 

•  High-speed  expansion  input  —  Pg 


•  PNP  inputs 

•  Advanced  Schottky  technology 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am82S62  is  a  9-bit  parity  generator/parity  checker 
with  both  an  ODD  parity  output  and  an  EVEN  parity  out- 
put. The  device  can  be  used  to  detect  errors  in  data  trans- 
mission or  data  retrieval  systems  as  well  as  to  generate  this 
parity  check  bit. 

The  Am82S62  features  one  special  high-speed  input  (Pg)  to 
facilitate  expansion.  The  propagation  delay  to  the  outputs 
through  this  path  is  considerably  reduced  when  compared 
to  the  Pi  through  Pg  paths.  This  short  delay  path  allows 
parity  checkers/generators  of  larger  size  than  9-bits  to  be 
built  with  a  minimum  of  additional  delay. 

The  device  is  built  using  advanced  Schottky  technology  and 
incorporates  PNP  input  transistors  to  reduce  input  loading 
to  0.4  STTL  unit  loads.  The  EVEN  output  is  one  gate 
propagation  delay  time  shorter  than  the  ODD  output. 


LOGIC  SYMBOL 


1     2     3     4    10  11   12   13  5 


P1  P2  P3  P4  P5  P6  P7  p8  P9 
INHIBIT  Am82S62 

ODD  EVEN 


VcC  =  Pin  14 
GND  -  Pin  7 


LOGIC  DIAGRAM 


ORDERING  INFORMATION 

CONNECTION  DIAGRAM 

Top  View 

Temperature 

,• 

14 

□  vcc 

Package 

Order 

Type 

Range 

Number 

"2C 

2 

13 

Molded  DIP 

0°C  to  +75°C 

N82S62A 

*ti 

3 

12 

3P? 

Hermetic  DIP 

0°C  to  +75°C 

N82S62F 

A  Ar 

n82S62  11 

□  P6 

Dice 

0°C  to  +75°C 

N82S62X 

psC 

10 

IT* 

Hermetic  DIP 

-55oCt0+125°C 

S82S62F 

ODD  r— 

— 1  EVEN 

Dice 

-55°C  to+125°C 

S82S62X 

OUTPUT  I— 

6 

9 

—1  OUTPUT 

GND 

8 

[3  INHIBIT 

Note:  Pin  1  is  marked  for  orientation. 
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age  to  orouna  roienuai  \rtn  i**  iu  rm  / ;  w»uh»wh 


DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

-0.5V  to  +VCC  max. 

 —  

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current 





-30mA  to  +5.0mA 

RICAL  CHARACTERIS 

TA  =  0°Cto+75°C 
TA  =  -55°  C  to  +125°C 


vCc- 


ER  OPERATING  7 

MIN. -  4  75V 


5.0V  ±5% 


:  (Unless  otherwise  noted) 


MAX.  •  5.25V 


Parameters 


Description 


Test  Conditions  (Note  1 ) 


Min. 


Typ. 

(Note  2) 


Max. 


Units 


V0H 

Output  HIGH  Voltage 

Vcc  =  MIN.,  I0H  *  -1mA 
V|N  =  V,HorV|L 

S82 

2.5 

Volts 

N82 

2.7 

Vol 

Output  LOW  Voltage 

VCC=MIN„  lOL  =  20mA 
VIN  =  vIH°rVIL 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

■lL 

(Note  3) 

Input  LOW  Current 

VCC  "  MAX.,  V|N  =  0.5V 

P9 

-0.4 

mA 

Others 

-0.8 

■iH 

(Note  3) 

Input  HIGH  Current 

VCC=  MAX.,  V|N  =  4.5V 

10 

uA 

•l 

Input  HIGH  Current 

VCC  =  MAX.,  V|N=  5.5V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  41 

VCC=  MAX.,  V0UT=  0.0V 

-40 

-100 

mA 

"cc 

Power  Supply  Current 

VCC  =  MAX.  (Note  5) 

67 

mA 

Notes:   1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  VQC  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  P-|  through  Pg  grounded;  inhibit  at  4.5V;  outputs  open. 


Switching  Characteristics  <Ta  =  +25°C) 


Parameters  Description  Test  Conditions  Min.  Typ.         Max.  Units 


«PLH 

Pi  through  Ps  to  Even  Output 

23 

ns 

«PHL 

*PLH 

Pi  through  Pg  to  Odd  Output 

28 

ns 

«PHL 

tPLH 

Pg  to  Even  Output 

12 

ns 

«PHL 

VCC  -  5.0V,  R l  -  280J2,  CL  -  15pF 

«PLH 

Pg  to  Odd  Output 

18 

ns 

«PHL 

*PL  H 

Inhibit  to  Even  Output 

9 

tPHL 

ns 

«PLH 

Inhibit  to  Odd  Output 

9 

ns 

tPHL 
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Am82S62 


TRUTH  TABLE 


INHIBIT 

NUMBER  OF  P  INPUTS 

OUTPUT 

LOW 

HIGH 

ODD 

EVEN 

L 

0 

9 

H 

L 

L 

1 

8 

L 

H 

L 

2 

7 

H 

L 

L 

3 

6 

L 

H 

L 

4 

5 

H 

L 

L 

5 

4 

L 

H 

L 

6 

3 

H 

L 

L 

7 

2 

L 

H 

L 

8 

1 

H 

L 

L 

9 

0 

L 

H 

H 

X 

X 

L 

L 

H  =  HIGH 
L  -  LOW 
X  -  Don't  Care 


LOADING  RULES  (In  Unit  Loads) 


Input/Output     Pin  No.'s 


Input 
Unit  Load 


Fan-out 
Output  Output 
HIGH  LOW 


Pi 

1 

0.4 

- 

- 

P2 

2 

0.4 

- 

- 

P3 

3 

0.4 

- 

- 

P4 

4 

0.4 

- 

- 

Pg 

5 

0.2 

- 

- 

ODD 

6 

- 

20 

10 

GND 

7 

INHIBIT 

8 

0.4 

EVEN 

9 

20 

10 

P5 

10 

0.4 

P6 

11 

0.4 

P7 

12 

0.4 

P8 

13 

0.4 

vCc 

14 

A  Schottkv  TTL  Unit  Load  is  defined  as  50mA  measured  at  2.7V 
HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


DEFINITION  OF  FUNCTIONAL  TERMS 

P-|  through  Pg   The  nine  inputs  to  the  parity  tree. 
INHIBIT   A  HIGH  on  the  inhibit  input  forces  both  the  odd 
output  and  even  output  LOW  regardless  of  the  P  inputs.  When 
the  inhibit  is  LOW,  the  odd  and  even  outputs  will  always  be 
of  opposite  phase. 

ODD  The  odd  parity  output  of  the  device.  When  an  odd 
number  of  P  inputs  are  at  a  HIGH  level,  the  odd  output  will 
be  HIGH. 

EVEN  The  even  parity  output  of  the  device.  When  an  even 
number  of  P  inputs  are  at  a  HIGH  level,  the  even  output  will 
be  HIGH. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


LOGIC  EQUATIONS 


ODD  Output  =  Pi<»P2©P3®P4<BP5®P6a>P7(BPgfflPg 

EVEN  Output  =  P-|  ffiP2«>P3«>P4<BP5«>P6<BP7<BPgSSPg 


Note:   Actual  current  flow  direction  shown. 
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Am82S62 


APPLICATION 


16-BIT  PARITY  GENERATOR  WITH  INVERT  CO 


13- 


ODD/EVEN  INVERT  . 


T 


I 


ization  and  Pad  Layout 


...    t&M  >"  1 


P9  »" 


ODD 
OUTPUT 


V'ii-';iia«.  » 


J  I  L 

7 
GND 


-13  'a 

■12  P7 

-  11  '6 

-  10 


-8  INHIBIT 


DIE  SIZE  0.067"  X  0.072" 
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Am73/8304B 

Octal  Three-State  Bidirectional  Transceiver 


DISTINCTIVE  CHARACTERISTICS 

•  8-bit  bidirectional  data  flow  reduces  system  package  count 

•  Three-state  inputs/outputs  for  interfacing  with  bus-oriented 
systems 

•  PNP  inputs  reduce  input  loading 

•  Vcc- 1.15V  V0H  interfaces  with  TTL,  MOS,  and  CMOS 

•  48mA,  300pF  bus  drive  capability 

•  Transmit/Receive  and  Chip  Disable  simplify  control  logic 

•  20  pin  ceramic  and  molded  DIP  package 

•  Low  power  -  8mA  per  bidirectional  bit 

•  Advanced  Schottky  processing 

•  Bus  port  stays  in  hi-impedance  state  during  power  up/down 

•  100%  product  assurance  screening  to  MIL-STD-883 
requirements 


GENERAL  DESCRIPTION 

The  Am73/8304Bs  are  8-bit  three-state  Schottky  transceivers. 
They  provide  bidirectional  drive  for  bus-oriented  microproces- 
sor and  digital  communications  systems.  Straight  through 
bidirectional  transceivers  are  featured,  with  16mA  drive  capa- 
bility on  the  A  ports  and  48mA  bus  drive  capability  on  the  B 
ports.  PNP  inputs  are  incorporated  to  reduce  input  loading. 


One  input,  Transmit/Receive  determines  the  direction  of  logic 
signals  through  the  bidirectional  transceiver.  The  Chip  Disable 
input  disables  both  A  and  B  ports  by  placing  them  in  a  three- 
state  condition. 

The  output  high  voltage  (V0H)  is  specified  at  Vcc- 1.15V 
minimum  to  allow  interfacing  with  MOS,  CMOS,  TTL,  ROM, 
RAM,  or  microprocessors. 


LOGIC  DIAGRAM 


*0  A1  A2  A3  A4  *6 


A 


L    _L  J 


A 


vvvvvvv 


A 


B6  *7 


CONNECTION  DIAGRAM 
Top  View 


VCC    R0     Bl     B2     B3     B4     B5     B6     B7  T/R 

nnnnnnnnnn 

20  19 


17     16     15     14     13      12  11 


Am73/8304B 


123456789  10 

uuuuuuuuuu 

A„     A,     A2     A3     A,     A6     Aj     A7    CD  GND 


Note:   Pin  1  is  marked  for  orientation. 


LOGIC  SYMBOL 


1       2       3       4  5 


A„  A, 

A2     A3  A4 

As 

*6  A7 

9  

CD 

Am73/8304B 

11  o 

T/R 

Bo  Bl 

B2      83  B4 

Be 

B6  B7 

19      18      17      16     15     14      13  12 


Vcc  =  Pin  20 
GND  =  Pin  10 
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Am8304B 

ABSOLUTE  MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°C  to  +150°C 

Supply  Voltage 

7.0V 

Input  Voltage 

5.5V 

Output  Voltage 

5.5V 

1  pari  Tpmnpratiirp  f^nlrlprinn   10  Qprnnrl^ 

300°C 

ELECTRICAL  CHARACTERISTICS 

The  Following  Conditions  Apply  Unless  Otherwise  Noted: 

Am7304B        TA  =  -55°C  to  +  125°C        VCCMIN  =  4.5V         VCCMAX  =  5.5V 
Am8304B        TA  =  0°C  to  +70°C  VCCMIN  =  4.75V       VCCMAX  =  5.25V 

DC  ELECTRICAL  CHARACTERISTICS  over  operating  temperature  range 


Typ. 

Parameters  Description  Test  Conditions  Min.      (Note  1)      Max.  Units 


A  PORT  (A0-A7) 

V|H 

Logical  "1"  Input  Voltage 

CD  =  0.8V,  T/R  =  2.0V 

2.0 

Volts 

Vil 

Logical  "0"  Input  Voltage 

CD  =  0.8V, 
T/R  =  2.0V 

Am83040B 

0.8 

Volts 

Am7304B 

0.7 

V0H 

Logical  "1"  Output  Voltage 

CD  =  0.8V, 
T/R  =  0.8V 

Ioh  =  -0.4mA 

Vcc-1.15 

Vcc-0.7 

Volts 

Iqh  =  -3.0mA 

2.7 

3.95 

Vol 

Logical  "0"  Output  Voltage 

CD  =  0.8V, 
T/R  =  0.8V 

Iql  =  8mA 

0.3 

0.4 

Volts 

Am8304B,  l0L  =  16mA 

0.35 

0.50 

Output  Short  Circuit  Current 

CD  =  0.8V,  T/R  =  0.8V,  V0  =  0V, 
Vcc  =  MAX.,  Note  2 

-10 

-38 

-75 

mA 

l|H 

Logical  "1"  Input  Current 

CD  =  0.8V,  T/R  =  2.0V,  V,  =  2.7V 

0.1 

80 

/aA 

l| 

Input  Current  at  Maximum  Input  Voltage 

CD  =  2.0V,  Vcc  =  MAX.,  V,  =  Vcc  MAX. 

1 

mA 

111 

Logical  "0"  Input  Current 

CD  =  0.8V,  T/R  =  2.0V,  V,  =  0.4V 

-70 

-200 

/xA 

vc 

Input  Clamp  Voltage 

CD  =  2.0V,  lm  =  -12mA 

-0.7 

-1.5 

Volts 

Iod 

Output/Input  Three-State  Current 

CD  -  2.0V 

V0  =  0.4V 

-200 

V0  =  4.0V 

80 

B  PORT  (B0-B7 

) 

V|H 

Logical  "1"  Input  Voltage 

CD  =  0.8V,  T/R  =  0.8V 

2.0 

Volts 

V,L 

Logical  "0"  Input  Voltage 

CD  =  0.8V,  T/R  =  0.8V 

Am8304B 

0.8 

Volts 

Am7304B 

0.7 

V0H 

Logical  "1"  Output  Voltage 

CD  =  0.8V,  T/R  =  2.0V 

'oh  =  -0.4mA 

Vcc-1.15 

VCc-08 

Volts 

k>H  =  -5mA 

2.7 

3.9 

l0H  =  -10mA 

2.4 

3.6 

Vol 

Logical  "0"  Output  Voltage 

CD  -  0.8V,  T/R  -  2.0V 

Iql  =  20mA 

0.3 

0.4 

Volts 

l0L  =  48mA 

0.4 

0.5 

tea 

Output  Short  Circuit  Current 

CD  =  0.8V,  T/R  =  2.0V,  V0  =  0V, 
Vcc  =  MAX.,  Note  2 

-25 

-50 

-150 

mA 

llH 

Logical  "1"  Input  Current 

CD  =  0.8V,  T/R  =  0.8V,  V,  =  2.7V 

0.1 

80 

liA 

1, 

Input  Current  at  Maximum  Input  Voltage 

CD  =  2.0V,  Vcc  =  MAX.,  V,  =  Vcc  MAX. 

1 

mA 

l|L 

Logical  "0"  Input  Current 

CD  =  0.8V,  T/R  =  0.8V,  V,  =  0.4V 

-70 

-200 

MA 

vc 

Input  Clamp  Voltage 

CD  =  2.0V,  lIN  =  -12mA 

-0.7 

-1.5 

Volts 

'OD 

Output/Input  Three-State  Current 

CD  =  2.0V 

V0  =  0.4V 

-200 

mA 

V0  =  4.0V 

200 

CONTROL  INPUTS  CD,  T/R 

V|H 

Logical  "1"  Input  Voltage 

2.0 

Volts 

VlL 

Logical  "0"  Input  Voltage 

0.8 

Volts 

l|H 

Logical  "1"  Input  Current 

V,  =  2.7V 

0.5 

20 

/xA 

! 

Input  Current  at  Maximum  Input  Voltage 

Vcc  =  MAX.,  V,  =  Vcc  MAX. 

1.0 

mA 

l|L 

Logical  '0"  Input  Current 

V,  =  0.4V 

T/R 

-0.1 

-.25 

mA 

CD 

-0.25 

-.5 

VC 

Input  Clamp  Voltage 

l|N  =  -12mA 

-0.8 

-1.5 

Volts 

POWER  SUPPLY  CURRENT 

'cc 

Power  Supply  Current 

CD  =  2.0V,  Vcc  =  MAX.,  V,N  =  0.4V 

60 

100 

mA 

CD  =  V,NA  =  0.4V,  T/R  =  2V,  Vcc  =  MAX. 

80 

130 
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AC  ELECTRICAL  CHARACTERISTICS  (Vcc  =  5.0V,  TA  =  25°C) 

Typ. 

Parameters  Description  Test  Conditions  Min.     (Note  1 )     Max.  Units 


A  PORT  DATA/MODE  SPECIFICATIONS 

'PDHLA 

Propagation  Delay  to  a  Logical  "0"  from 
B  Port  to  A  Port 

CD  =  0.4V,  T/R  =  0.4V  (Figure  1) 
R1  =  Ik,      =  5k,  C,  =  30pF 

'PDLHA 

Propagation  Delay  to  a  Logical  "1"  from 
B  Port  to  A  Port 

CD  =  0.4V,  T/R  =  0.4V  (Figure  1) 
R1  =  1k,  R2  =  5k,  C,  =  30pF 

13 

18 

ns 

tpLZA 

Propagation  Delay  from  a  Logical  "0"  to 
Three-State  from  CD  to  A  Port 

B0  to  B7  =  0.4V,  T/R  =  0.4V  (Figure  3) 
S3  =  1,  R5  =  1k,  C4  =  15pF 

11 

15 

ns 

IpHZA 

Propagation  Delay  from  a  Logical  "1"  to 
Three-State  from  CD  to  A  Port 

B0  to  B7  =  2.4V,  T/R  =  0.4V  (Figure  3) 
S3  =  0,  R5  =  1k,  C4  =  15pF 

8 

15 

ns 

'PZLA 

Propagation  Delay  from  Three-State  to 
a  Logical  "0"  from  CD  to  A  Port 

B0  to  B7  =  0.4V,  T/R  =  0.4V  (Figure  3) 
S3  =  1,  R5  =  1k,  C4  =  30pF 

27 

35 

ns 

<PZHA 

Propagation  Delay  from  Three-State  to 
a  Logical  "1"  from  CD  to  A  Port 

B0  to  B7  =  2.4V,  T/R  =  0.4V  (Figure  3) 
S3  =  0,  R5  =  5k,  C4  =  30pF 

19 

25 

ns 

B  PORT  DATA/MODE  SPECIFICATIONS 

'PDHLB 

Propagation  Delay  to  a  Logical  "0"  from 
A  Port  to  B  Port 

CD  =  0.4V,  T/R  =  2.4V  (Figure  1)  | 
R-l  =  1000,  R2  =  1k,  C,  =  300pF 

18 

23 

ns 

R,  =  667H,  R2  =  5k,  C,  =  45pF 

11 

18 

'PDLHB 

Propagation  Delay  to  a  Logical  "1"  from 
A  Port  to  B  Port 

CD  =  0.4V,  T/R  =  2.4V  (Figure  1)  | 
R-l  =  100fl,  R2  =  1k,  C1  =  300pF 

16 

23 

ns 

R,  =  667n,  R2  =  5k,  d  =  45pF 

11 

18 

'PLZB 

Propagation  Delay  from  a  Logical  "0"  to 
Three-State  from  CD  to  B  Port 

A0  to  A7  =  0.4V,  T/R  =  2.4V  (Figure  3) 
S3  =  1,  R5  =  1k,  C4  =  15pF 

13 

18 

ns 

'PHZB 

Propagation  Delay  from  a  Logical  "1"  to 
Three-State  from  CD  to  B  Port 

A0  to  A7  =  2.4V,  T/R  =  2.4V  (Figure  3) 
S3  =  0,  R5  =  1k,  C4  =  15pF 

8 

ns 

'PZLB 

Propagation  Delay  from  Three-State  to 
a  Logical  "0"  from  CD  to  B  Port 

A0  to  A7  =  0.4V,  T/R  =  2.4V  (Figure  3) 
S3  =  1,  R5  =  100ft,  C4  =  300pF 

32 

40 

S3  =  1,  R5  =  667(1,  C4  =  45pF 

16 

22 

'PZHB 

Propagation  Delay  from  Three-State  to 
a  Logical  "1"  from  CD  to  B  Port 

A0  to  A7  =  2.4V,  T/R  =  2.4V  (Figure  3) 
S3  =  0,  R5  =  1k,  C4  =  300pF 

26 

35 

ns 

S3  =  0,  R5  =  6670,  C4  =  45pF 

14 

22 

TRANSMIT  RECEIVE  MODE  SPECIFICATIONS 

IPHZR 

Propagation  Delay  from  a  Logical  "1"  to 
Three-State  from  T/R  to  A  Port 

CD  =  0.4V  (Figure  2) 

S-,  =  1,  R4  =  100n,  C3  =  300pF 

S2  =  0,  R3  =  1k,  C2  =  15pF 

7 

12 

ns 

lPLZR 

Propagation  Delay  from  a  Logical  "0"  to 
Three-State  from  T/R  to  A  Port 

CD  =  0.4V  (Figure  2) 

S,  =  0,  R4  =  1k,  C3  =  300pF 

S2  =  1,  R3  =  1k,  C2  =  15pF 

10 

14 

ns 

'PHZT 

Propagation  Delay  from  a  Logical  "1"  to 
Three-State  from  T/R  to  B  Port 

CD  =  0.4V  (Figure  2) 

S,  =  0,  R4  =  1k,  C3  =  15pF 

S2  =  1 ,  R3  =  5k,  C2  =  30pF 

16 

22 

ns 

•PLZT 

Propagation  Delay  from  a  Logical  "0"  to 
Three-State  from  T/R  to  B  Port 

CD  =  0.4V  (Figure  2) 

St  =  1,  R4  =  1k,  C3  =  15pF 

S2  =  0,  R3  =  1k,  C2  =  30pF 

17 

22 

ns 

'PRL 

Propagation  Delay  from  Transmit  Mode 
to  a  Logical  "0",  T/R  to  A  Port 

'PRL  =  'PHZT  +  'PDHLA 

25 

40 

ns 

'PRH 

Propagation  Delay  from  Transmit  Mode 
to  a  Logical  "1",  T/R  to  A  Port 

<PRH  =  'PLZT  +  *PDLHA 

30 

40 

ns 

'PTL 

Propagation  Delay  from  Receive  Mode 
to  a  Logical  "0",  T/R  to  B  Port 

tpTL  =  tpHZR  +  'PDHLB 

25 

35 

ns 

*PTH 

Propagation  Delay  from  Receive  Mode 
to  a  Logical  "1",  T/R  to  B  Port 

>PTH  =  'PLZR  +  'PDLHB 

26 

35 

ns 

Notes:  1.  All  typical  values  given  are  for  Vcc  =  5.0V  and  TA  =  25°C. 
2.  Only  one  output  at  a  time  should  be  shorted. 


FUNCTIONAL  TABLE 


Inputs 

Conditions 

Chip  Disable 

0 

0 

1 

Transmit/Receive 

0 

1 

X 

A  Port 

Out 

In 

Hl-Z 

B  Port 

In 

Out 

Hl-Z 
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SWITCHING  TIME  WAVEFORMS 
AND  AC  TEST  CIRCUITS 


INPUT  tr 


'PDLH  lPDHL  - 


OUTPUT 
B„ORA„ 





V  v 

-f-  1.5V                                         1 ,5V  -V- 
J  \  


INPUT 
O 


DEVICE 
UNDER 
TEST 


IT 


OUTPUT 

o 


>vcc 


Ci  ± ■  ^R2 


tr  =  tf  <  1 0ns 
10%  to  90% 


Note:  Ci  includes  test  fixture  capacitance. 


Figure  1.  Propagation  Delay  from  A  Port  to  B  Port 
or  from  B  Port  to  A  Port. 


tr  »  tf  <  10ns 
10%  to  90% 


N, 


ote:  C2  and  C3  include  test  fixture  capacitance. 


Figure  2.  Propagation  Delay  from  T/R  to  A  Port  or  B  Port. 


OUTPUT 

tPHZ  — 


0.5V 


tr  =  tf  <  1 0ns 
10%  to  90% 


>vcc 


PULSE 
GENERATOR 


DEVICE 
UNDER 
TEST 


VCC 


S3- 1,1 


OS3-0 


Note:  C4  includes  test  fixture  capacitance. 

Port  input  is  in  a  fixed  logical  condition. 


Figure  3.  Propagation  Delay  from  CD  to  A  Port  or  B  Port. 
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BCD  Decade/Four-Bit  Binary  Counters 


Distinctive  Characteristics 

•  Fully  synchronous  counting 

•  Fully  synchronous  parallel  loading 


•  Edge-triggered  clock  action 

•  Advanced  Schottky  technology 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am93S10  and  Am93S16  are  fully  synchronous  4-bit 
decimal  and  binary  counters.  With  the  parallel  enable  (PE) 
LOW,  data  on  the  P0-P3  inputs  is  parallel  loaded  on  the 
positive  clock  transition.  When  PE  is  HIGH  and  both  count 
enables  CEP  and  CET  are  also  HIGH,  counting  will  occur 
on  the  LOW-to-HIGH  clock  transition. 

The  terminal  count  state  (1001  for  the  Am93S10  and  1111 
for  the  Am93S16)  is  decoded  and  ANDed  with  CET  in  the 
terminal  count  (TC)  output.  If  CET  is  HIGH  and  the 
counter  is  in  its  terminal  count  state,  then  TC  is  HIGH. 

Both  counters  have  an  asynchronous  master  reset  (MR).  A 
LOW  on  the  MR  input  forces  the  Q  outputs  LOW  in- 
dependent of  all  other  inputs.  The  only  requirements  on 
the  PE,  CEP,  CET  and  P0-P3  inputs  is  that  they  meet  the 
set-up  time  requirements  before  the  clock  LOW-to- 
HIGH  transition. 


LOGIC  SYMBOL 


VcC  =  Pin  16 
GND  =  Pin  8 


LOGIC  DIAGRAMS 


Am93S10 


Am93S16 


ORDERING  INFORMATION 


^93510 

Am93S16 

Package 

Temperature 

Order 

Order 

Tvpe 

Range 

Number 

Number 

Molded  DIP 

O'C  to  +75"  C 

93S10PC 

93S16PC 

Hermetic  DIP 

0°C  to  +75°  C 

93S10DC 

93S16DC 

Dice 

0°C  to  +75°  C 

93S10XC 

93S16XC 

Hermetic  DIP 

-55°Cto  +125°C 

93S10DM 

93S16DM 

Hermetic  Flat  Pak 

-55°Cto+125°C 

93S10FM 

93S16FM 

Dice 

-55°Cto  +125°C 

93S10XM 

93S16XM 

CONNECTION  DIAGRAM 
Top  View 

Vcc   TC     Qq     O,     Q2     O.3    CET  PE 

nnnnnnnn 


16     15      14      13      12      11      10  9 


1       2       3       4       5       6       7  8 

uuuuuuuu 

MR     CP     PQ     P,      P2     P3    CEP  GND 


Note:  Pin  1  is  marked  for  orientation. 
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MAXIMUM  RATINGS  (Above  which  the  useful  life  may  be  impaired) 


Storage  Temperature 

-65°Cto+150°C 

Temperature  (Ambient)  Under  Bias 

-55°Cto  +125°C 

Supply  Voltage  to  Ground  Potential  (Pin  16  to  Pin  8)  Continuous 

-0.5V  to  +7V 

DC  Voltage  Applied  to  Outputs  for  HIGH  Output  State 

—0.5V  to  +VCc  max. 

DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current  -30mA  to  +5. 0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 

Am93S10XC.  Am93S16XC  TA  =  0°Cto75°C  Vcc  -  5.0V  ±5%  (COM'L)  MIN.  =  4.75V  MAX.  =  5.25V 

Am93S10XM.  Am93S16XM  TA  =  -55°  C  to  + 1 25°  C  Vcc  =  5.0V  *  1 0%  (M I  L)  MIN.  =  4.5V  MAX.  =  5.5V 


Typ. 

Parameters  Description  Test  Conditions  (Note  1 )  Min.  (Note  21  Max.  Units 


V0H 

Output  HIGH  Voltage 

VCC  =  M,N-  'OH  =  -1mA 
V|N  "  V|H  °r  V|L 

XM 

2.5 

3.4 

Volts 

xc 

2.7 

3.4 

vol 

Output  LOW  Voltage 

VCC  *  MIN.,  lOL  =  20mA 
V|N  =  V|HorV|L 

0.35 

0.5 

Volts 

V|H 

Input  HIGH  Level  y 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V,L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

V| 

Input  Clamp  Voltage 

VCC  =  MIN.,  I|N  =  -18mA 

-1.2 

Volts 

'IL 

(Note  3) 

Input  LOW  Current 

VCC  =  MAX., 
V,N  -  0.5V 

P;  MR;  CEP 

-2.0 

mA 

CET 

-3.0 

PE 

-4.0 

CP 

-5.0 

1 IH 

(Note  3) 

Input  HIGH  Current 

Vcc  =  MAX., 
V|N  =  2.7V 

P;  MR;  CEP 

50 

MA 

CET 

75 

PE 

100 

CP 

125 

»l 

Input  HIGH  Current 

Vcc*  MAX.,  V|N  =  5.5V 

1.0 

mA 

'sc 

Output  Short  Circuit  Current 
(Note  4) 

VCC  =  MAX- 

-40 

-65 

-100 

mA 

'cc 

Power  Supply  Current 

VCC  *  MAX-  <Note  51 

82 

127 

mA 

Notes:   1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vcc  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  N  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Outputs  open;  MR  =  OV;  all  other  inputs  HIGH. 


DIE  SIZE  0.078"  X  0.096" 
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SWITCHING  CHARACTERISTICS  (TA  =  +25° 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

•MAX 

Count  Frequency 

70 

100 

MHz 

*PLH 

Clock  to  Q 

6 

9 

ns 

tPHL 

8.5 

13 

'PLH 

Clock  to  TC 



12 

18 

ns 

tPHL 

8 

12 

»PLH 

CET  to  TC 

6.5 

10 

ns 

«PHL 

6.5 

10 

«PHl_ 

MR  to  Q 

14 

20 

ns 

*s 

Recovery  Time  for  MR 
(inactive) 

VCC  =  5.0V,  CL=  15  pF,  RL  =  280S2 

6 

ns 

pw 

Master  Reset  Pulse 
Width 

13 

ns 

Clock  Pulse  Width  HIGH 

6 

ns 

«pw 

Clock  Pulse  Width  LOW 

10 

«s 

Data  to  Clock 

8 

ns 

«h 

0 

ts 

PE  to  Clock 

16 

ns 

«h 

0 

«s 

CEP  or  CET  to  Clock 

12 

ns 

th 

0 

APPLICATIONS 
SYNCHRONOUS  MULTISTAGE  COUNTING  USING  CET  INPUT  ONLY 


CET  T 
CP 

MR     Q0      Qt     Q->  Qt 


'0  n      *1  '3 

CET  T( 
CP 

MR     Qq  0-,     Q2  Q3 


PE      P0      P,      P2  P3 


CEP 
CET 


MR    Q0     Q,     Q?  Q-j 


CEP 
CET 


^0      n      r2  r3 


Qq       Q,        02  Q3 


FASTER  SYNCHRONOUS  MULTISTAGE  COUNTING  USING  CET  AND  CEP  INPUTS 


r„     r,     r2  1-3 


MR     Qq     Q,     02  Q3 

T  I  I  I  I 


CET 
CP 

MR    On  Q, 


TTTT 


D  ^1      K2  K3 

CET  T( 
CP 

MR     Qq  Q2  Q3 


K0      Kl     v2  ^3 


Qq  0, 


TO  MORE 

SIGNIFICANT 

STAGES 


TO  MORE 

SIGNIFICANT 

STAGES 

(UP  TO  TOTAL) 
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DEFINITION  OF  FUNCTIONAL  TERMS 

PE  Parallel  Enable.  When  PE  js_LOW,  the  parallel  inputs,  P0 
through  P3,  are  enabled.  When  PE  is  HIGH,  the  count  function 
is  possible. 

CEP  Count  Enable  Parallel.  CEP  is  one  of  the  count  enable 
inputs  that  must  be  HIGH  for  the  counter  to  count. 
CET  Count  Enable  Trickle.  CET  is  one  of  the  count  enable 
inputs  that  must  be  HIGH  for  the  counter  to  count.  In  ad- 
dition, CET  is  included  in  the  TC  output  gate  and  must  be 
HIGH  for  TC  to  be  HIGH. 

CP  Clock  Pulse.  Causes  the  required  output  change  on  the 
LOW-to-HIGH  transition  (Edge-triggered). 
MR    Master  Reset.  When  the  asynchronous  master  reset  is 
LOW,  the  Qq  through  Q3  outputs  will  be  LOW  regardless  of 
the  other  inputs. 

Pn.  Pi.  p2>  P3  The  parallel  data  inputs  for  the  four  internal 
flip-flops. 

Qq,  Q1 ,  Q2,  Q3   The  four  parallel  outputs  from  the  counter. 
TC  Terminal  Count.  The  terminal  count  output  will  be  HIGH 
for  CET  HIGH  and  binary  nine  on  the  Am93S10  or  CET 
HIGH  and  binary  15  on  the  Am93S16. 


bin 


LOADING  RULES  (In  Unit  Loads) 

Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

MR 

1 

1 

CP 

2 

2.5 

p0 

3 

1 

p1 

4 

i 

p2 

5 

p«- 
r3 

g 

1 

CEP 

■7 

1 

GND 

0 
0 

PE 

9 

2 

CET 

10 

1 .5 

1 1 

20 

1 0 

Q2 

12 

20 

10 

Q1 

13 

20 

10 

Qo 

14 

20 

10 

TC 

15 

20 

10 

vCC 

16 

A  Schottky  TTL 

Unit  Loe 

d  is  defined  a 

50mA  measured  at 

2.7V  HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

CP 

MR 

PE 

CEP 

CET 

Po 

P1 

p2 

P3 

Qo 

0.1 

Q2 

0.3 

X 

L 

X 

X 

X 

X 

X 

X 

X 

L 

L 

L 

L 

H 

L 

X 

X 

DO 

01 

D2 

D3 

Do 

D1 

D2 

D3 

H 

H 

L 

L 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

H 

H 

L 

H 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

H 

H 

H 

L 

X 

X 

X 

X 

NC 

NC 

NC 

NC 

H 

H 

H 

H 

X 

X 

X 

X 

COUNT 

H  =  HIGH 
L  »  LOW 
X  =  Don't  Care 


NC  -  No  Change 

Dj  may  be  either  HIGH  or  LOW 

t  LOW-to-HIGH  Transition 


TERMINAL  COUr* 


Am93S10 

Am93S16 

TC 

CET 

Qo 

Q1 

Q2 

Q3 

CET 

Qo 

Qi 

Q2 

0-3 

H 

H 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

X 

X 

X 

X 

L 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

X 

'  L 

X 

X 

X 

L 

X 

X 

H 

X 

X 

X 

X 

L 

X 

X 

L 

X 

X 

X 

H 

X 

X 

X 

X 

L 

X 

L 

X 

X 

X 

X 

L 

X 

X 

X 

X 

L 

L 

H  =  HIGH 
L  =  LOW 
X  =  Don't  Care 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


DRIVEN  INPUT 


Note:    Actual  current  flow  direction  shown. 
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Twelve-Input  Parity  Checker/Generator 



Distinctive  Characteristics 

•  Generates  or  checks  parity  over  12  bits 

•  Advanced  Schottky  technology 


•  Same  delay  to  EVEN  and  ODD  parity  outputs 

•  100%  reliability  assurance  testing  in  compliance  with 
MIL-STD-883. 


FUNCTIONAL  DESCRIPTION 

The  Am93S48  is  a  high-speed,  12-input  parity  checker  or 
parity  generator.  The  device  is  built  using  advanced 
Schottky  technology  and  also  incorporates  PNP  input 
transistors  to  reduce  the  input  loading  to  only  0.4  STTL 
Unit  Loads. 

Both  an  ODD  parity  output  and  an  EVEN  parity  output 
are  obtained  with  the  same  propagation  delay.  This  is  ac- 
complished by  using  an  output  structure  that  looks  at  the 
input  as  three  4-bit  parity  trees. 


LOGIC  SYMBOL 


11   12   13  14   15    1     2    3     4     5     6  7 


VCC  -  Pin  16 
GND  =  Pin  8 


Package 
Type 


ORDERING  INFORMATION 


Temperature 
Range 


Order 
Number 


Molded  DIP 
Hermetic  DIP 

Dice 
Hermetic  DIP 
Hermetic  Flat  Pak 
Dice 


0°C  to  +70°C 
0°C  to  +70°C 
0°C  to  +70°C 
-550Cto+125°C 
-55°Cto+125°C 
-55°C  to+125°C 


93S48PC 
93S48DC 
93S48XC 
93S48DM 
93S48FM 


CONNECTION  DIAGRAM 
Top  View 


VCC    '4      '3      '2      '1  '0 


h      ln     PE  PO 


nnnnnnnn 


16      15      14      13      12      11      10  9 


uuuuuuuu 

Ij       l6       I,       la       ls      1,0     l„  GND 

Note:  Pin  1  is  marked  for  orientatio 
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DC' Voltage  Applied  to  Outputs  for  HIGH  Output  State 


-0.5V  to  +VCC  max. 


DC  Input  Voltage 

-0.5V  to  +5.5V 

DC  Output  Current,  Into  Outputs 

30mA 

DC  Input  Current 



-30mA  to  +5.0mA 


ELECTRICAL  CHARACTERISTICS  OVER  OPERATING  TEMPERATURE  RANGE  (Unless  Otherwise  Noted) 


Am93S48XC 
Am93S48XM 


TA  =  0  C  to  +  70  C 
TA  -  -55°C  to  +125°C 


Vcc  =  5.0V  ±5%  (COM'L) 
VCC  =  5.0V  ±10%  (MIL) 


MIN,  =  4.75V 
Ml  N.  =  4.5V 


MAX.  =  5.25V 
MAX.  =  5.5V 


Parameters 

Description 

Test  Conditions  (Note  D 

Min. 

Typ. 

(Note  2) 

Max. 

Units 



Output  HIGH  Voltage 

VCC=MIN.,  l0H  =  -1mA  I  XC 

2.7 

Volts 

V0H 

V|N  =  V|HorV|L  XM 

2.5 

vol 

Output  LOW  Voltage 

Vcc  =  MIN.,  Iql  =  20mA 
V|N  =  V|HorV|L 

0.5 

Volts 

V|H 

Input  HIGH  Level 

Guaranteed  input  logical  HIGH 
voltage  for  all  inputs 

2.0 

Volts 

V|L 

Input  LOW  Level 

Guaranteed  input  logical  LOW 
voltage  for  all  inputs 

0.8 

Volts 

Vi 

Input  Clamp  Voltage 

VCC=MIN.,  l|N  =  -18mA 

-1.2 

Volts 

"It 

(Note  3) 

Input  LOW  Current 

VCC=MAX.,  V|N  =  0.SV 

-0.8 

mA 

l|H 

(Note  3) 

Input  HIGH  Current 

VCC=  MAX.,  V|N  =2.7V 

20 

MA 

'I 

Input  HIGH  Current 

VCC  =  MAX.,  V|N  =  5.5V 

1.0 

mA 

>sc 

Output  Short  Circuit  Current 
(Note  4) 

VCC  =  MAX.,  VOUT  =  0.0V 

-40 

-100 

mA 

•cc 

Power  Supply  Current 

VCC  =  MAX.  (Note  51 

57 

80 

mA 

Notes:   1.  For  conditions  shown  as  MIN.  or  MAX.,  use  the  appropriate  value  specified  under  Electrical  Characteristics  for  the  applicable  device  type. 

2.  Typical  limits  are  at  Vqq  =  5.0V,  25°  C  ambient  and  maximum  loading. 

3.  Actual  input  currents  =  Unit  Load  Current  x  Input  Load  Factor  (See  Loading  Rules). 

4.  Not  more  than  one  output  should  be  shorted  at  a  time.   Duration  of  the  short  circuit  test  should  not  exceed  one  second. 

5.  Both  outputs  open;  all  inputs  at  4.5V. 


"Switching  Characteristics  (TA  =  +25°C) 


Parameters 

Description 

Test  Conditions 

Min. 

Typ. 

Max. 

Units 

*PLH 

In  through  In  to 

19 

28 

ns 

'PHL 

Even  Output 

Vcc  =  50v.  CL  -  15  pF.  RL  =  280S2 

19 

28 

ns 

«PLH 

In  through  li  i  to 

19 

28 

ns 

«PHL 

Odd  Output 

19 

28 

ns 
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TRUTH  TABLE 


NUMBER  OF  1  INPUTS 

OUTPUT 

i  niAf 

nmn 

uuu 

fcvfclM 

0 

12 

L 

H 

1 

11 

H 

L 

2 

10 

L 

H 

3 

9 

H 

L 

4 

8 

L 

H 

5 

7 

H 

L 

6 

6 

L 

H 

7 

5 

H 

L 

8 

4 

L 

H 

9 

3 

H 

L 

10 

2 

L 

H 

11 

1 

H 

L 

12 

0 

L 

H 

H  =  HIGH 
L  =  LOW 
X  *  Don't  Care 


LOADING  RULES  (In  Unit  Loads) 

Fan-out 


Input/Output 

Pin  No.'s 

Input 
Unit  Load 

Output 
HIGH 

Output 
LOW 

'5 

1 

0.4 

l6 

2 

0.4 

•7 

3 

0.4 

'8 

4 

0.4 

'9 

5 

0.4 

'10 

6 

0.4 

'11 

7 

0.4 

— 

— 

GND 

8 

- 

- 

- 

PO 

9 

— 

20 

10 

PE 

10 

20 

10 

'0 

11 

0.4 

'1 

12 

0.4 

"2 

13 

0.4 

'3 

14 

0.4 

"4 

15 

0.4 

vcc 

16 

A  Schottkv  TTL  Unit  Load  is  defined  as  50juA  measured  at  2.7V 
HIGH  and  -2.0mA  measured  at  0.5V  LOW. 


DEFINITION  OF  FUNCTIONAL  TERMS 

Iq  through  I -| -g    The  twelve  inputs  to  the  parity  tree. 
ODD   The  ODD  parity  output  of  the  device.  When  an  ODD 
number  of  I  inputs  are  at  a  HIGH  level,  the  ODD  output 
will  be  HIGH. 

EVEN  The  EVEN  parity  output  of  the  device.  When  an  EVEN 
number  of  I  inputs  are  at  a  HIGH  level,  the  EVEN  output 
will  be  HIGH. 


SCHOTTKY  INPUT/OUTPUT 
CURRENT  INTERFACE  CONDITIONS 


DRIVING  OUTPUT 


LOGIC  EQUATIONS 

Odd  Output  =  lo®li®l2@l3®l4®l5®,6®,7e,8e|9®'lO®,1 1 
Even  Output  =  lQ®li®l2$,3e(4e,5e'6e,7e|8e,9e,10$l11 


PNP 
DRIVEN  INPUT 


Note:   Actual  current  flow  direction  shown. 
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APPLICATIONS 

12-BIT  PARALLEL  ODD/EVEN  PARITY  CHECKER/GENERATOR 


i  


'0    'l    *2    '3    U    '5    '6    '7    '8    '9  'TO  'll 


"7 


-  12 


32-BIT  PARITY  CHECKER/GENERATOR 


ODD/EVEN  INVERT  CONTROL 


_ 


—  EVEN 


Metallization  and  Pad  Layout 

l5     1  1  16  I  15  l4 


'7  3 

'8  4 

l9  5 

'10  6 

'11  J 


B 

1 

= 

ll  v  ■  >  d 

! 

13  l2 
12  I, 
11  ln 


GND 

DIE  SIZE  0.067"  X  0.072" 
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INTRODUCTION 

The  significant  cost  reductions  which  have  been  achieved  with  digital  integrated  circuits  in  recent  years  have 
allowed  digital  processing  techniques  to  be  applied  in  many  new  fields.  One  of  the  most  important  of  these  is 
digital  signal  processing. 

Digital  arithmetic  processors  are  now  used  to  perform  frequency  analysis,  correlation  and  filtering  functions 
which,  at  one  time,  were  the  exclusive  province  of  analog  systems.  Digital  signal  processors  have  several 
obvious  advantages  over  analog  approaches.  These  include  precision  and  programmability  as  well  as 
insensitivity  to  temperature,  power  supply  variations,  and  component  aging. 

Digital  signal  processors  are  similar  to  general-purpose  digital  computers  except  for  the  need  to  perform  large 
numbers  of  multiplications.  The  first  digital  signal  processors  frequently  used  general-purpose  adders  pro- 
grammed to  do  the  multiplication.  More  recently,  integrated  circuits  such  as  the  Advanced  Micro  Devices' 
Am2505  two's  complement  multiplier  were  introduced  specifically  for  this  function.  The  Am2505  was  quickly 
accepted  as  the  industry  standard  device  for  military  applications.  It  was  soon  followed  by  high-speed, 
Am2505,  and  low-power,  Am25L05,  versions.  Although  these  devices  significantly  reduced  the  cost  and 
improved  the  performance  of  signal  processors  used  for  digital  filters  and  Fast  Fourier  Transform  analyzers, 
digital  techiques  were  still  only  economically  viable  for  very  sophisticated  applications. 

The  development  of  low-power  Schottky  technology,  which  provides  the  same  performance  as  standard  TTL 
at  up  to  one-fifth  the  power  dissipation,  now  permits  the  design  of  low-cost  MSI  and  LSI  devices  suitable  for 
use  in  general  commercial  digital  signal  processing  systems.  Advanced  Micro  Devices  has  recently  intro- 
duced a  number  of  products  designed  specifically  for  these  applications.  They  include  the  Am25LS14 
Serial/Parallel  Multiplier,  Am25LS1 5  Quad  AdderlSubtractor  and  the  Am25LS22  8-Bit  Serial/Parallel  Register. 

This  handbook  offers  a  general  introduction  to  digital  signal  processing  techniques.  Particular  emphasis  has 
been  given  to  the  application  of  low-power  Schottky  integrated  circuits  in  the  design  of  digital  filters. 

We  hope  that  this  information  will  aid  engineers  in  implementing  digital  signal  processing  methods  in  cost 
conscious  commercial  systems.  Typical  applications  include  process  control,  data  compression,  data  trans- 
mission, spectrum  analyzers,  medical  electronics  and  special  purpose  instrumentation  as  well  as  hardware 
multiplication  and  division  in  high-speed  minicomputer  designs. 
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BASIC  DIGITAL  FILTER  THEORY 


By  John  R.  Mick 


INTRODUCTION 

Digital  filtering  applications  are  rapidly  expanding  as  new 
developments  in  technology  provide  increased  packing  density 
in  complex  integrated  circuits.  Until  recently  digital  filter 
processing  algorithms  have  been  used  primarily  in  computer 
simulations,  sampled  data  analysis  and  data  reduction  com- 
putations. The  variety  of  complex  integrated  circuits  suitable 
in  size,  weight,  power  and  cost  for  real-time  processing  of 
video  signals  by  digital  techniques  is  increasing  steadily.  With 
the  increasingly  extensive  application  of  digital  processors  to 
many  systems,  more  and  more  importance  is  placed  on  the 
development  of  mathematical  tools  for  the  analysis  and  design 
of  sampled  data  systems.  In  particular  the  classical  methods  of 
difference  equation  solutions  are  available  to  the  designer  as 
well  as  the  "z-transform"  calculus  solutions.  The  latter  analyti- 
cal method  results  in  considerable  simplification  and  under- 
standing of  the  problems  associated  with  sampled-data  systems. 

This  application  note  presents  a  brief  review  of  these  concepts. 
A  brief  introduction  to  sampling  theory  is  presented  and  a 
review  of  the  difference  equation  as  applicable  to  digital 
filtering  follows.  Several  digital  filter  configurations  are  out- 
lined and  a  summary  of  the  most  useful  transforms  for  de- 
signing digital  filters  is  also  presented. 

Definition 

The  term  "digital  filter"  refers  to  a  computational  algorithm 
performed  on  a  sampled  input  signal  resulting  in  a  transformed 
output  signal.  The  input  signal  is  a  sequence  of  numbers  from 
either  an  analog-to-digital  converter  or  a  direct  digital  input 
source.  The  computational  process  can  correspond  to  high- 
pass  filtering,  low-pass  filtering,  band-pass  filtering,  integration, 
differentiation  etc.  The  output  signal  is  either  a  direct  digital 
sequence  or  a  regenerated  analog  signal  from  a  digital-to- 
analog  converter. 

Advantages 

Several  unique  advantages  are  offered  by  the  digital  approach 
to  signal  processing.  These  include: 

1.  Performance  from  unit  to  unit  is  stable  and  repeatable. 

2.  Arbitrarily  high  precision  is  achieved  that  is  limited  only 
by  the  number  of  bits  carried  in  memory  and  by  the  input 
and  output  resolution  capabilities. 

3.  No  impedance  matching  problems  exist  in  the  digital 
domain. 

4.  Critical  filter  break  frequencies  can  be  placed  without 
restriction  (influences  the  precision  required). 

5.  Component  value  variation  problems  normally  associated 
with  capacitors  and  resistors  due  to  temperature  changes 
or  age  are  nonexistent. 

6.  Greater  flexibility  is  achieved  since  filter  response  can  be 
changed  by  varying  the  proper  arithmetic  coefficients. 

7.  The  intrinsic  possibility  of  time-sharing  major  implemen- 
tation sections  exists  (adders,  subtractors,  multipliers  etc). 


8.  Small  size  results  from  integrated  circuit  implementation. 

9.  Periodic  calibration  as  is  required  with  analog  circuits  is 
eliminated. 

10.  Performance  limitations  of  physical  analog  components  are 
avoided. 

THE  SAMPLING  PROCESS 

It's  convenient  to  think  of  the  sampling  process  as  an  impulse 
modulation  of  a  continuous  input  signal.  Accordingly  if  the 
input  signal  v(t)  is  sampled  every  T  seconds,  an  output  signal 
results  denoted  v*(t).  This  is  shown  in  Figure  1 . 


Figure  1.  Sampler  Representation. 


The  ideal  sampler  is  represented  by  using  the  Dirac  delta 
function  to  express  a  unit  impulse  train  5(t-nT).  This  notation 
represents  impulses  occurring  at  each  t  =  nT  seconds  for  n 
equal  to  positive  integers.  The  ideal  sampler  5-p(t)  for  a  con- 
tinuous train  of  regularly  spaced  pulses  is  described  for  posi- 
tive time  sequences  by  the  following  equation: 


o-r(t)  =    I  6(t-nT) 
n  =  0 


(1) 


The  sampler  output  signal  is  written  in  terms  of  a  continuous 
input  signal  and  the  ideal  sampler  unit  impulse  train  as 


v*(t)  =  v(t)     £  S(t-nT) 
n  =  0 


(2) 


This  equation  is  rewritten  to  include  the  input  signal  as  a  time 
function  when  t  =  nT  as 


v*(t)  =    S  v(nT)6(t-nT) 
n  =  0 


(3) 


This  equation  shows  that  the  sampler  output  is  an  impulse 
train  with  an  amplitude  equal  to  the  continuous  input  signal 
amplitude  at  the  sampling  instant. 

The  Laplace  transform  of  the  ideal  sampler  is  the  Laplace 
transform  of  the  Dirac  impulse  train  S-r(t)  and  is  given  by 


£[ST(t)I  -£ 


—j  CO 


S  5  (t-nT) 
n  =  0 


=    2  ( 
n  =  0 


(4) 
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since  the  Laplace  transform  of  the  unit  impulse  function 
6(t-nT)  is  e-nTs. 

Using  equation  4,  the  Laplace  transform  of  equation  3,  the 
sampler  output  becomes 


V*(s)  =    2  v(nT)e-nTs 
n  =  0 


(5) 


This  is  very  similar  to  the  definition  of  the  continuous  Laplace 
transform 


V(s)  =  /v(t)e-stdt 
0 


(6) 


except  that  the  integral  is  replaced  by  a  summation  evaluated 
at  the  sampling  instants  t=  nT  of  the  unit  impulse  train. 

Time  Domain  Sampling 

The  time  domain  analysis  of  the  above  described  sampler  is 
best  understood  by  considering  a  continuous  sinusoidal  input 
signal 

v(t)  =  A  sin(wt)  (7) 
Using  equation  3,  the  sampler  output  for  the  sinusoidal  input  is 


V*(t)  =    X    Asin(wnT)  5(t-nT) 
n  =  0 


(8) 


Figure  2  shows  the  time  domain  response  of  a  sinusoidal  input 
signal,  a  sampler,  and  a  sampler  output  as  described  by  the 
above  equations,  where  the  sampling  rate  is  considerably 
higher  than  the  continuous  input  frequency. 

Using  equation  5,  the  Laplace  transform  of  equation  8  des- 
cribing the  sampler  output  for  the  sinusoidal  input  is 


V*(s)=   X    A  sin  (wnT)e-"Ts 
n  =  0 


(9) 


(a)  Input  Signal 


 I  I  I  I  1 1  I  I  t   ■ 


(b)  Ideal  Sampler 


(c) 


The  time  domain  analysis  gives  a  useful  picture  of  the  sampler 
characteristics  as  a  function  of  time;  however,  the  complete 
picture  also  requires  an  analysis  of  the  sampler  in  the  frequency 
domain. 

Frequency  Domain  Sampling 

To  examine  the  characteristics  of  the  ideal  sampler  in  the 
frequency  domain,  the  Laplace  transform  of  the  ideal  sampler 
as  established  in  equation  4  is  expanded  as 


v    e-nTs  =  1 +e-st +e-2sT +e-3sT + 
n  =  0 

The  closed  form  of  this  geometric  series  is 
nTs  =  ' 


1  e" 
n  =  0 


1  -  e-sT 


(10) 


(11) 


Thus  the  Laplace  transform  of  the  sampler  output  is  given  by 
the  convolution  of  the  ideal  sampler  and  the  continuous  input 
signal  as 


V*(s)  =  V(s) 


[l-e-«T] 


(12) 


Since  convolution  in  the  s-domain  requires  contour  integra- 
tion?1, only  the  result  is  stated;  the  sampler  output  for  a  con- 
tinuous input  is 


v*(s)  =  ; 


TniL 


V(s  +  jnws) 


(13) 


It  is  important  to  note  that  the  sampler  and  its  output  are 
periodic  with  period  jws.  This  means  V*(s)  is  equal  to 
V*(s+jws)  and  is  represented  in  the  s-plane  by  periodic  strips 
along  the  jw  axis.  As  a  result,  the  sampler  causes  a  periodic 
single  line  spectrum  in  the  frequency  domain  occurring  at  each 
integer  multiple  of  the  sampling  frequency. 

Assuming  a  continuous  sinusoidal  input  signal 

v(t)  =  A  sin  (wat)  (14) 

and  a  sampler  operating  at  radian  frequency  ws,  the  output 
spectrum  is  periodic  with  spurious  sidebands  located  at  all 
multiples  of  ws.  The  input  spectrum  is  centered  around  each 
of  these  spurious  multiples  of  the  sampling  frequency.  This 
is  shown  in  Figure  3. 

The  Z-Transform 

The  z-transform  is  used  to  describe  a  sampled  data  system  in 
much  the  same  way  as  the  Laplace  transform  is  used  to  des- 
cribe a  continuous  time  system.  The  z-transform  of  a  signal 
describes  the  signal  at  the  sampling  instant  and  therefore  con- 
tains information  about  the  corresponding  time  function  at 
the  sampling  instants  only.  The  z-transform  is  obtained  by 
making  the  substitution 


(15) 
(16) 


s  =  -  ln(z) 


Figure  2.  Time  Domain  Sampling. 


where  z  is  interpreted  as  a  complex  transform  variable.  Thus, 
every  continuous  signal  that  has  a  Laplace  transform  also  has 
a  z-transform  by  a  simple  substitution. 
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|«U*|| 


— ( 


(a)  Input  Signal  Spectrum 


J  I  L 


2w.  3w. 


(b)  Sampler  Spectrum 


e  11*1 1 


-w8         ws  +wfl  3ws  -wa  3ws 

\/  III 


(c)  Sampler  Output  Spectrum 


Figure  3.  Frequency  Domain  Sampling. 

Since  the  Laplace  transform  of  a  sampler  is  periodic,  the 
z-transform  performs  a  change  of  variable  which  retains  the 
s-plane  pole-zero  configuration  while  stripping  the  function  of 
its  repetitive  character.  Thus,  the  z-transform  allows  simple 
algebraic  manipulation  of  the  polynomials  in  the  z-plane  just 
as  the  Laplace  transform  does  for  the  polynomials  in  the 
s-plane. 

The  above  substitution  maps  the  periodic  strip  from  -ws/2  to 
+ws/2  of  the  jw-axis  of  the  s-plane  onto  the  unit  circle  of  the 
z-plane  where  ws  is  the  sampling  frequency.  The  remainder  of 
this  strip  in  the  left-hand,  s-plane  is  mapped  inside  the  unit 
circle  in  the  z-plane.  This  is  shown  in  Figure  4. 


(a)  s-Plane 


(b)  z-Plane 


Successive  ws  =  2rr/T  strips  of  the  left  hand  side  of  the  s-plane 
are  mapped  into  the  same  unit  circle  of  the  z-plane.  Likewise, 
the  corresponding  right-half  strip  is  mapped  as  the  exterior  of 
the  unit  circle  in  the  z-plane.  If  a  transfer  function  is  to  be 
stable,  its  poles  are  in  the  left  half  of  the  s-plane;  thus,  the  poles 
of  the  transformed  function  must  lie  within  the  unit  circle  in 
the  z-plane.  It  follows  that  the  z-plane  poles  and  zeros  occur 
on  the  real  axis  or  in  complex  conjugate  pairs. 

The  interval  from  -ws/2  to  +ws/2  is  known  as  the  Nyquist 
interval.  This  interval  places  a  bound  on  the  bandwidth  of  the 
input  signal  to  the  sampler  such  that  if  the  input  signal  is  not 
bandlimited  to  below  the  radian  frequency  ws/2,  it  cannot  be 
recovered  exactly  at  the  output.  Figure  5a  shows  the  aliasing 
problems  on  the  input  spectrum  after  sampling  if  the  input 
signal  is  not  bandlimited  while  Figure  5b  shows  the  spectrum 
of  a  bandlimited  signal  before  and  after  sampling. 

Using  the  substitution  z  =  esT  on  equation  3,  the  z-transform 
output  for  a  sampled  input  signal  is  found  as 


V*(z): 


2  v(nT)z"n 
n  =  0 


(17) 


where  z"n  is  a  delay  operator  and  n  is  an  integer  representing 
the  number  of  past  unit  delays. 

THE  DIFFERENCE  EQUATION 

In  linear  continuous  (analog)  filter  theory,  linear  differential 
equations  is  one  mathematical  tool  available  to  describe  the 
transfer  function.  Similarly,  in  linear  digital  (sampled)  filter 
theory,  the  linear  difference  equation  is  available  as  a  mathe- 
matical tool  for  analysis  and  synthesis. 


AFTER  SAMPLING 

(a)  Input  Signal  Not  Bandwidth  Limited 


rh 


BEFORE  SAMPLING 
NYQUIST  INTERVAL 


AFTER  SAMPLING 


(b)  Input  Signal  Bandwidth  Limited 


Figure  4.  S-Plane  to  z-Plane  Transformation. 


Figure  5.  Effect  of  Bandlimiting  Before  Sampling. 


5-5 


Basic  Digital  Filter  Theory 


N  M 
y(riT)=   2    A;  x(nT-iT)  +   £    B,  y(nT-iT) 
i  =  0  i  =  1 


(18) 


where  the  notation  x(nT)  represents  the  present  input  sample 
and  the  x(iT)  are  past  input  samples.  Similarly,  y(nT)  is  the 
present  output  sample  and  the  y(iT)  are  past  output  samples. 
The  Aj  and  B,  coefficients  are  a  set  of  constants  which  deter- 
mine the  response  of  the  filter. 

The  z-transform  of  the  general  difference  equation  1 8  is  derived 
by  using  equation  1 7  and  is  given  as 
N  M 

(19) 


:)  =  x(z)    2    AiZ-i  +  yfz)     2  BjZ" 
i=0 


i  =  1 


This  equation  is  interpreted  as:  the  present  output  is  equal  to 
the  present  and  past  inputs  each  multiplied  by  the  respective 
coefficient  A,  plus  the  past  outputs  each  multiplied  by  the 
respective  coefficient  Bi.  Equation  19  is  rewritten  in  the  normal 
transfer  function  form  as 


H(z)  = 


V(z) 
x(z) 


N 

2 

i=0 


AjZ-' 


M 

2  B^-' 


i  =  1 


(20) 


This  is  the  general  form  of  a  transfer  function  in  the  z-plane 
that  can  be  made  equal  to  a  transfer  function  in  the  s-plane  to 
realize  the  sampled  equivalent  of  a  linear  continuous  filter. 

First  Order  Equation 

A  first  order  difference  equation  is  written  as 
y(nT)  =  An  x(nT>  +  A,  x(nT-T)  +  B,  y(nT-T) 


The  z-transform  of  this  difference  equation  is 
E0  (z)  =  A0Ei(z)  +  A,  z-1  Ei(z)  +  B,  z"1  EQ(z) 


(21) 


(22) 


where  E0  is  used  to  represent  the  output  signal  and  E,  is  used 
to  represent  the  input  signal.  The  transfer  function  is  obtained 
by  rewriting  this  equation  as 


E0(z) 
Ei(z) 


H(z)  ■ 


A0  +  A1  z-1  _  Apz  +  A1 
1-B,z-1  z-B, 


This  transfer  function  can  be  implemented 
Figure  6. 

Second  Order  Equation 

A  second  order  difference  equation  is  written  as 
y(nT)  =  A0  x(nT)  +  A,  x(nT-T)  +  A2  x  (nT-2T) 
+B,  y(nT-T)  +  B2  y(nT-2T) 

The  z-transform  of  this  difference  equation  is 
E0{z)  s  A0Ei(z)  +  A^-'E.lz)  +  A2z-2E,(z) 
+  B-|Z~1  ED(z)  +  B2z~2E0(z) 


(23) 


shown  in 


(25) 


-o  •• 


■  Ei  +  B1z"1Ex 
A0EX  +  Alz-1EX 


Ap  +  A1Z~ 
1  -  B1Z-1 


Figure  6.  Implementation  of  First  Order 


Th 


e  transfer  function  is  obtained  by  rewriting  this  equation  as 


Eo(z>  _  H(7,  _  A0 


+  Atz-1  +  A2z- 


A0zz  +  Ai  z  +  A2 


Biz-1  -  B2z-2 


(26) 


This  transfer  function 
Figure  7. 


can  be 


z2  -  B,z-  B2 
implemented  as  shown  in 


Difference  Equation  Summary 

The  first  and  second  order  difference  equations,  their  z-trans- 
form functions,  and  their  circuit  implementations  serve  as 
illustrative  examples  of  the  equivalence  of  the  mathematical 
description  and  the  hardware  associated  with  digital  filters. 
Since  the  z-transform  is  equal  to  the  Laplace  transform  by 
means  of  the  substitution  z  =  esT,  the  first  and  second  order 
implementations  are  mathematically  related  to  s-plane  transfer 
functions.  A  great  wealth  of  information  for  design  and  syn- 
thesis of  analog  filters  using  Laplace  transforms  is  available 
in  the  literature.  It  is  therefore  possible  to  use  these  procedures 
to  design  an  equivalent  analog  transfer  function,  then  trans- 
form this  function  to  the  z-plane  and  implement  an  equivalent 
digital  filter  using  an  appropriate  configuration. 

DIGITAL  FILTER  CONFIGURATIONS 

If  the  output  y(nT)  of  a  digital  filter  is  a  function  of  the 
present  and  past  input  samples,  the  filter  is  termed  non- 
recursive.  That  is,  all  B,  of  the  general  difference  equation 
and  zero.  (Reference  equation  27).  If  the  past  output  samples 
are  included  in  the  algorithm,  then  the  digital  filter  is  termed 
recursive. 

Canonical  Forms 

There  are  three  canonical  forms  of  realizing  a  general  recursive 
digital  filter.  These  are  the  direct  form,  the  cascade  form  and 
the  parallel  form. 

In  the  direct  form  the  output  sequence  is  calculated  by 
implementing  the  difference  equation  directly.  Since  the 
general  equation  is 

N  M 
y(nT)=   2    Aj  x(nT-iT)  +   2    B,  y(nT-iT)  (27) 

i  =  0  i  =  1 
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rt> 


Ex  =  Ei  +  B1z-1Ex  +  B2z-2Ex 
Eo  =  A0Ex  +  Al2-1Ex  +  A2z-2Ex 


E0  _  Aq  +  Ai  z'1  +  A2z~ 


1-B,z-1-B2Z-2 


Figure  7.  Implementation  of  Second  Order  Difference  Equation. 


Figure  8.  Direct  Canonical  Form. 


the  direct  form  digital  filter  takes  the  configuration  of  Figure 
8.  Figure  9  depicts  another  configuration  of  the  direct  canonic 
form  in  which  the  memory  elements  (z"1 )  are  shared  by  the 
feedback  and  feedforward  loops.  This  direct  form  suffers  from 
the  fact  that  the  pole  locations  are  extremely  sensitive  func- 
tions of  the  coefficients  B,  for  higher  order  filters7.  This 
directly  affects  the  precision  required  for  the  entire  digital 
filter. 

In  the  cascade  form  the  digital  filter  is  implemented  from  the 
transfer  function  written  as  a  product  of  factors. 


H(z)  =  A 


II    (1  +aiZ-1  +  b^-2) 

i=1  

K2 

T 

H  (1  +c;z-1  +djZ-2) 
i=1 


(28) 


This  configuration  consists  of  a  series  of  lower  order  filters 
connected  in  cascade  as  shown  in  Figure  10.  The  pole  coeffi- 
cients c,  and  d,  are  not  nearly  as  sensitive  as  the  direct 
figuration4.  Therefore,  this  form  is  especially  practical  for 
higher  order  filters. 

The  parallel  canonical  form  is  implemented  by  writing  the 
transfer  function  as  a  sum  of  partial  fractions. 


H,z)=A0+ *  \b-,  .  •?+1b'*:1  j 

f  L  ^  +c'z  +d'z  J 


(29) 


This  configuration  consists  of  a  group  of  lower  order  filters 
each  operating  on  the  input  signal  with  the  output  of  the 
parallel  bank  of  filters  summed  together  as  in  Figure  11. 
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Figure  9.  Direct  Canonical  Form  With  Feedback  and  Feedforward  Loops  Sharing  the  Same  Memory. 


- 








HK(.I 


Figure  10.  Cascade  Canonical  Form. 


Other  Configurations 

Figure  12  illustrates  a  recursive  one-pole,  one-zero  building 
block  while  Figure  13  represents  a  recursive  two-pole,  two- 
zero  building  block.  In  these  structures,  the  B,  determine  the 
pole  locations  in  the  z-plane  while  the  A,  determine  the  zero 
locations  in  the  z-piane. 

A  general  recursive  two-pole  building  t 
'  ire  14. 


It  is  apparent  that  many  digital  filter  configurations  can  be 


designed.  Each  configuration  has  properties  that  may  or  may 
not  be  desirable  depending  on  the  particular  application.  Thus, 
each  application  must  be  treated  individually  and  it  is  difficult 
to  generalize  that  one  configuration  is  always  superior. 

SYNTHESIS  TECHNIQUES 

There  are  three  transform  techniques  that  find  the  greatest 
application  in  the  design  of  digital  filters  from  continuous 
transfer  functions.  These  are  the  standard  z-transform,  the 
bilinear  z-transform  and  the  matched  z-transform. 
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Figure  11.  Parallel  Canonical  Form. 


v: 

J 

z~ 

-i 

0 

Figure  12.  Recursive  One-Pole  Structure. 


Standard  Z-Transform  Method 

The  standard  z-transform,  also  known  as  the  impulse  invariant 
technique,  utilizes  the  partial  fraction  expansion  of  the  con- 
tinuous filter  transfer  function.  This  transformation  preserves 
the  impulse  response  of  the  sampled  continuous  filter  and  is 
best  suited  for  low-pass  and  band-pass  applications. 

In  using  this  technique  the  Laplace  transform  partial  fraction 
expansion  terms  are  replaced  by  the  appropriate  z-transform 
terms.  The  substitutions  used  are  shown  in  Table  1 . 

From  this  it  is  seen  that  the  standard  z-transform  technique 
gives  a  transfer  function  of  the  form 

K        a,  L  aj+bjZ-1 

H(z)  =  A0  +  v  +  Z         '     '  (30) 

1-b,z-1  *•  1+qz-1 +d|Z-2 

i  =  1  M        1  * 


where  any  of  the  above'coefficients  may  be  zero. 

Thus,  the  coefficients  are  defined  uniquely  and  the  digital 
filter  can  be  implemented  directly  using  one-pole  and  two- 
pole  building  blocks  in  the  parallel  canonical  form  as  described 
in  the  previous  section. 


Bilinear  Transformation  Method 

The  bilinear  z-transform  is  an  algebraic  mapping  transformation 
utilizing  the  substitution 

2(1  -z-1) 


T(1+z-1) 


(31) 


This  transform  maps  a  sampling  interval  from  -jws/2  to  +jws/2 
in  the  s-plane  onto  the  unit  circle  in  the  z-plane.  It  should  be 
noted  however,  that  this  transform  does  not  yield  a  linear  map 
as  does  the  substitution  z  =  e*';  that  is,  a  non-linear  warping  of 
the  frequency  scale  in  the  z-plane  results.  The  magnitude  of 
this  warping  is  given  by 

2 


(32) 


where     w^  =  s-plane  frequency 

wrj  =  z-plane  warped  frequency 

In  searching  the  literature  on  the  bilinear  z-transform,3,4,5 
another  substitution  is  presented  that  is  very  similar  to  equa- 
tion 31 ;  that  is 

z-1 

s->   

z  +  1 


(33) 


with  the  warping  function  given  as 
wA  ■ 


(34) 


Occasionally  this  causes  confusion  since  the  units  are  not 
the  same.  In  practice,  however,  both  substitutions  yield  the 
same  pole-zero  configuration  since  the  w/T  terms  will  factor 
and  cancel.  This  is  best  understood  by  making  the  respective 
substitutions  in  a  general  transfer  function  for  a  complex 
pole-pair  such  as 


H(s) 


w^ 


s2  +  26ws  +  w2 


(35) 


and  comparing  the  z-plane  pole  positions  that  result. 

When  using  the  bilinear  z-transform  care  must  be  taken  when 
the  break  frequencies  are  near  the  half  sampling  frequency.  An 
illustration  of  this  fact  and  an  appreciation  of  the  warping  re- 
quired is  best  illustrated  by  an  example.  Table  2  shows  various 
digital  filter  break  frequencies  and  the  required  warped  analog 
frequencies  for  a  1000  Hz  sampling  rate.  Figure  15  shows 
graphically  the  non-linear  frequency  scale  mapping  of  the 
bilinear  z-transform. 

Thus  the  bilinear  z-transform  is  a  powerful  tool  in  digital 
filtering  and  may  be  utilized  with  either  the  partial  fraction 
expansion  or  the  rational  fraction  form  of  the  Laplace  transfer 
function.  It  is  especially  useful  in  MTI  radar  filters  since  the 
break  frequencies  of  the  high-pass  and  band-pass  filters  used 
are  normally  very  low  compared  with  the  sampling  frequency. 
This  means  that  the  warping  is  very  small  and  the  digital  design 
very  closely  approximates  the  analog  design. 

Matched  Z-Transform 

The  matched  z-transform  is  somewhat  of  a  compromise 
between  the  standard  and  bilinear  z-transforms.  It  is  an  ex- 
ponential mapping  transform  which  gives  a  z-plane  transfer 
function  with  poles  and  zeros  matched  to  those  of  the 
continuous  function. 

Real  poles  or  zeros  are  mapped  using  the  substitution 
s-a^l-z-V7"  (36) 
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Figure  13.  Recursive  Two-Pole  Structure. 


- 




'i  - 


1  -  (N  +  C  +  AOIz"1  +  (NC  +  Dlz"2 


while  complex  poles  or  zeros  are  mapped  using  the  substitu- 
tion 


Figure  14.  General  Two-Pole  Building  Block. 

TABLE  I.  Standard  z-Transform  Substitutions. 


(s-a)2  +  b2  -  1  -2z"1  eaT  Cos(bT)  +  z-2e2aT 


(37) 


The  resulting  z-plane  transfer  function  is  normally  factored 
into  numerator  and  denominator  polynomials  that  are  easily 
implemented  using  one  and  two-pole  building  blocks  in  the 
cascade  canonical  form. 

The  matched  z-transform  yields  the  same  pole  configuration 
as  the  standard  z-transform;  however,  the  zero  configuration 
may  require  some  modification  to  give  satisfactory  results. 
This  usually  entails  the  addition  of  zeros  at  the  half  sampling 
frequency  (z=  -1 )  to  give  the  desired  result.8 


f(t) 

F(s) 

F(z) 

e-«aT 

1 

z 

s  +  a 

z  -  e-aT 

sin  (w0t) 

wo 

z  sin  (wqT) 

S2  +  Wg2 

z2  -  2z  cos(wqT)  +  1 

cos  (w0t) 

S 

z(z  -  cos  (w0TI) 

s2  +  WQ2 

z2  -  2z  cos  (w0T)  +  1 
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TABLE  II.  Digital  Filter  Warping  Relation. 

1 

fA  =—  tan  (niD7)         T  =  10-3  seconds 


Desired 
Digital  Filter 
Break  Frequency 

fD 
Hz 

Prewarped 
Analog  Frequency 

*A 
Hz 

tan(7rfDT) 

50 

50.5 

.15838 

100 

103.2 

.32492 

200 

231 

.72654 

250 

318 

1.0000 

300 

438 

1.3764 

400 

978 

3.0777 

450 

2010 

6.3138 

475 

4050 

12.706 

500 

? 

OO 

0.2 


 !  ,  

.      T  1 

'A'  " 

>** 

0         0.1        0.2       0.3       0.4  0.5 


Figure  15.  Bilinear  z-Transform  Frequency  Scale  Warping. 
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DIGITAL  FILTER  DESIGN 


By  John  R.  Mick 


There  are  several  important  considerations  in  determining 
parameters  for  the  design  of  a  digital  filter.  Many  trade-offs 
exist  in  the  selection  of  configuration,  arithmetic,  memory 
type,  A/D  converters,  D/A  converters  etc.  Some  of  the  key 
parameters  are  examined  here. 

The  most  important  single  item  in  the  digital  filter  design  is 
the  selection  of  the  configuration.  Because  of  this,  an  analysis 
of  both  a  two-pole  filter  section  and  a  single-pole  filter  section 
are  presented  here.  The  analysis  concentrates  primarily  on  the 
high-pass  filter  characteristics;  however,  it  can  also  be  per- 
formed on  band-pass  or  low-pass  recursive  digital  filters. 

COMPLEX  POLE  ANALYSIS 

Since  the  implementation  of  many  digital  filters  is  typically  a 
cascaded  combination  of  two-pole  sections  composed  of  com- 
plex conjugate  pairs  of  poles,  it  is  important  to  examine  this 
case  in  detail.  The  z-transform  analysis  of  a  normalized 
complex  conjugate  pair  of  poles  in  the  s-plane  follows  and 
reveals  several  important  equations  for  the  design  of  digital 
filters. 

Assume  a  general  two-pole  transfer  function  of 
K 


H(s) 


(s-s-i )  (s-s2) 
where  s-|  =  (-x  +  jy)  wa 
s2  =  (-x  -jy)wa 


such  that  these  poles  lie  on  a  normalized  uni 
plane  and  are  scaled  to  their  actual  analog  r 
by  a  multiplier  wa  as  shown  in  Figure  1. 

Substituting  si  and  s2  into  H(s),  the  transfer  function  is 
K 


(1) 


cle  in  the  s- 
n  frequency 


H(s)  = 


(s  +  xwa)2  +  {ywa)2 


(2) 


Expanding  the  denominator  of  this  transfer  function  and 
remembering  that  x2  +  y2  =  1,  the  resultant  transfer  function 
becomes 

H(s)  = 


s2  +  2xwas  +  wa2 

This  is  similar  to  the  usual  textbook  equation  of 

rl  ,  _   Kpwn2 

G(s)  =   

s2  +  2fwns  +  wn2 


(3) 


(4) 


Clearly,  x  is  equivalent  to  J  (zeta),  the  damping  ratio,  and  wa 
is  equivalent  to  wn,  the  resonant  break  frequency. 

Since  equation  3  describes  a  continuous  analog  function  and 
since  a  digital  filter  usually  is  operating  as  a  sampling  system 
with  a  zero-order  hold  in  the  video  channel  before  the  filter, 
this  continuous  function  is  transformed  to  the  z-plane  for 
easier  algebraic  manipulation.  Since  high-pass  filtering  is  to  be 
described,  the  equivalent  form  of  the  bilinear  z-transform  is 


X  

x 

X 

/  s-plane 

h  ^ — , 

Figure  1.  General  Two-Pole  s-Plane  Plot. 


used.  Note  that  in  a  low-pass  filter  section,  the  zero  locations 
do  not  affect  the  pole  locations.  This  form  uses  the  substitu- 
tion, s  =  (z  -1)/(z  +  1).  The  z-plane  transfer  function  becomes 

(z+1)2 


H(2) 


T — - 

|_1  +2xwa- 


\l+2xwa  +  wa2/ 


1-2xwa+wa2 
1  +2xmatwa2. 


(5) 


where  a  gain  multiplier  factors  from  the  transfer  function  when 
it  is  put  in  standard  form.  The  poles  in  the  z-plane  are 


1  -wa2  +  j2waVl  -x2 
1  +2xwa  +  wa2 


(6) 


Also,  it  is  important  to  recognize  that  when  using  the  bilinear 
z-transform,  the  analog  radian  break  frequency  wa  must  be 
prewarped  by  the  relation 


tan  (fffoT) 


(7) 


where  fD  is  the  desired  break  frequency  of  the  digital  filter  and 
T  is  the  sampling  interval.  The  prewarping  is  a  function  of  the 
sampling  rate  which  means  that  as  the  sampling  rate  is  changed, 
the  pole  locations  of  the  transfer  function  change.  The  transfer 
function  derived  in  equation  5  is  equivalent  to  the  z-transform 
of  a  second  order  difference  equation.  This  difference  equa- 
tion is 


H(z)  = 


A0  +  A,z-1  +  A2z-2 
1  -B,z-1  -B2z-2 


(8) 


which  can  be  rearranged  to  eliminate  A2  and  the  variables 
renamed  for  convenience  as 


H,z)=GrB+Az-i+z-2] 

[J  -Cz-l  +Dz-2J 
(z  =  1)  of  this 

r  b  +  a+ in 

Li  -  C  +  D  J 


Bz2  +  Az  +  1 


The  DC  gain  (z 
DC  Gain  =  G 


-Cz  +  D 
1 )  of  this  transfer  function  is 


(9) 


(10) 
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Figure  2.  Canonical  Two-Pole  Digital  Filter  Implementation. 


Implementation  of  this  transfer  function  is  shown  in  Fig- 
ure 2. 

This  analysis  results  in  the  general  z-plane  transfer  function  of 
equation  5  that  is  equivalent  to  the  general  s-plane  transfer 
function  for  a  complex  conjugate  pair.  The  transfer  function 
of  equation  5  determines  the  numerical  values  for  the  multi- 
pliers in  the  digital  design  and  yields  a  digital  filter  that  is 
equivalent  to  its  analog  counterpart. 

INTERNAL  MAGNIFICATION  -CANONICAL  FORM 

The  internal  magnification  within  the  digital  filter  building 
block  is  analyzed  to  determine  the  number  of  additional 
storage  bits  that  must  be  provided  in  memory  over  and  above 
the  input  quantization  number  of  bits.  This  is  accomplished 
by  deriving  the  internal  transfer  function  at  each  memory  input 
(or  output)  and  computing  the  peak  magnification  expected. 
Also,  by  setting  z  =  1 ,  the  DC  magnification  is  determined. 

The  internal  transfer  function  at  the  memory  output  within 
the  filter  of  Figure  2  is 


E|        1  -Cz-1  +  Dz-2 


1 


z2  -Cz  +  D 


(11) 


The  magnitude  squared  of  this  internal  transfer  function  is 
computed  by  multiplying  the  denominator  polynomial  by  its 
complex  conjugate.  That  is 

(12) 


1 


(z2  -Cz  +  D)  (z"2  -Cz*  +  D) 
which  results  in 


1 


1  +  C2  +  D2  +  2D  cos  (2wT)  -  2C(D  +  1 )  cos(wT) 


(13) 


Differentiating  the  denominator  with  respect  to  w  and  setting 
the  result  equal  to  zero  yields 

d(DENOM) 


dw 


=  0  =  +2TC(D+  1)  sin(wT)  -4DT  sin(2wT)  (14) 


Thus,  the  frequency  at  which  the  peak  internal  magnification 
is  reached  is 


cos(wT) 


C(D  +  1) 
4D 


<1.0 


(15) 


'         1  /C(D  +  1)\ 

f  =   cos  1  I   I 

2rrT  \   40  ) 


(16) 


Computing  the  peak  magnitude  at  this  frequency  using  the 
squared  magnitude  function  yields 

!a|_   !_ 

Ei 


M 


(17) 


which  is  the  maximum  magnification  within  this  two-pole 
building  block.  One  extra  bit  must  be  provided  in  both 
memories  of  this  filter  for  each  factor  of  two  or  fraction 
thereof  as  computed  in  this  magnification  for  stable  operation 
of  the  filter.  Figure  3  shows  the  upper  right  hand  quadrant  of 
the  z-plane,  with  contours  of  constant  magnification  factor, 
M,  (same  as  MA)  plotted  thereon.  The  lower  right  hand 
quadrant  is  the  mirror  image  of  this  plot  since  the  poles  appear 
as  complex  conjugate  pairs. 

The  pole  locations  as  seen  from  equation  11  for  the  internal 
transfer  function  of  this  filter  are 

C  ,  VlC2-4D| 


z1.  Z2 


±  I 


(18) 


0.1  0.2  0.3  0.4  0.5  0.6  0.7  0.8  0.9  1.0 
NORMALIZED  REAL  POLE  POSITION 

M  =  MA  of  equation  17 


Figure  3.  Peak  Gain  of  Canonical  Two-Pole  Digital  Filter 
for  Pole  Position  in  the  z-Plane. 
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poles  are  movecT  ibwai  c 


pofes  are  moveaiowara  ine  poinx  l  -  i  in  nyuic  t,  uic  uica^ 
frequency  of  the  filter  is  lowered  with  respect  to  the  sampling 
rate.  From  this,  it  can  be  seen  that  the  real  part  of  the  pole 
is  approaching  1.0;  thus,  the  value  of  C  is  approaching  2.0. 
Likewise,  the  imaginary  part  of  the  pole  is  approaching  0.0; 
thus,  the  absolute  value  of  C2  -4D  is  approaching  zero.  Since 
C  is  near  2.0,  D  is  approaching  1.0  for  this  condition.  When 
these  values  of  C  =  2  and  D  =  1  are  inserted  into  the  maximum 
magnification  equation,  it  is  found  that  the  peak  value  goes 
to  infinity.  This  is  easily  checked  by  looking  at  the  DC  gain  of 
the  internal  transfer  function  by  substituting  z  =  1 ;  it  is 


Mi 


1 


z  =  1     1-C  +  D 


(19) 


and  for  C  =  2.0  and  D  =  1.0  is  found  to  be  infinite.  The 
internal  DC  magnification  for  this  two-pole  building  block 
is  plotted  as  a  function  of  pole  position  in  Figure  5  for  the 
upper  right  hand  quadrant  of  the  z-plane.  The  lower  right 
hand  quadrant  is  the  mirror  image  since  the  poles  occur  in 
complex  conjugate  pairs. 




Im 

1 

/)  R' 

X      /  z  pl.ne 

Figure  4.  Internal  z-Plane  Pole  Location  of  Two-Pole  Section. 

INTERNAL  MAGNIFICATION  — IMPROVED  FORM 

The  canonical  form  two-pole,  two-zero  building  block  yields 
an  internal  transfer  function  that  requires  an  increasing  number 
of  extra  storage  bits  as  the  cut-off  frequency  is  lowered  with 
constant  sampling  rate.  As  the  cut-off  frequency  is  designed 
nearer  to  zero,  the  required  extra  bits  can  easily  be  five  or 
ten  times  the  total  input  quantization  number  of  bits.  This 
has  an  almost  direct  effect  on  the  cost  of  the  processor.  There- 
fore, it  is  essential  that  a  configuration  is  found  that  minimizes 
the  internal  magnification.  The  digital  filter  shown  in  Figure  6 
has  this  characteristic.  The  improvement  is  provided  by  the 
zero  that  is  in  the  internal  transfer  function.  This  tends  to 
cancel  the  effect  of  the  poles  and  greatly  reduces  the  internal 
magnification. 

The  analysis  of  the  filter  configuration  of  Figure  6  demon- 
strates the  improvement  realized.  The  overall  filter  transfer 
function  is 


H(z)  = 


D2 


z2  -CZ+  D 


(20) 


The  internal  transfer  function  at  the  output  of  the  first 
memory  is 

fj.=  D  +  z  (1  -C) 
Ei  "  z2-Cz  +  D 


(21) 


?  0.4  0.5  0.6  0.7  0.8  0.9  1 .0 
NORMALIZED  REAL  POLE  POSITION 

M  -  Mrj  of  equation  19 


M  =  40 
M«  100 
REAL 


Figure  5.  DC  Gain  of  Canonical  Two-Pole  Digital 
for  Pole  Position  in  the  z-Plane. 


Notice  the  DC  gain  of  this  memory  element  is  not  a  function 
of  the  coefficient  values  but  is 


Ei 


D  +  1  -C 


z  =  1     1-C  +  D 


=  1 


(22) 


The  frequency  at  which  the  peak  magnitude  within  this  part 
of  the  filter  occurs  is 


cos(wT)  =  a  : 


-(D2  +  (1-C)2) 
2D(1  -C) 


 (23) 

y/(D2+(1-C)2)2-(1-C)  [CD(C-3D)-C(1-C)2-D(1-P)2] 
2D(1-C) 


2rrT 


cos"1  (or) 


(24) 


The  peak  magnitude  reached  at  this  frequency  is 


IEbI     /(i-c)2  +  p2+ 

I  Ei  I    V  (1-D)2+C2- 


2D(1-C)cos(wT) 


2(C+CD)cos(wT)  +  4Dcos2(wT) 


Examining  the  transfer  function  EB /E,  shows  that  a  discon- 
tinity  exists  at  C  =  1.  Here  the  internal  transfer  function  re- 
duces to 


(26) 


z2  -Cz  +  D 


The  peak  frequency  of  H(z)  for  this  condition  can  be  deter- 
mined from 


cos(wT)  =  EiS!  <1.0 
4D 

and  the  peak  magnitude  at  this  frequency  is 


MB 


C=1 


v/d-D)2!!--!-) 
4D 


(27) 


(28) 


The  internal  transfer  function  at  the  output  of  the  second 
memory  word  of  the  filter  in  Figure  6  is 


Ef  _ 


H(z); 


1  -z 
z2  -  Cz  +  D 


(29) 
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Filter 

Canonical 

Improved  Form 

Coefficients 

z-Plane 

Magnification 

Memory  #1 

Memory  #2 

C 

D 

Real 

I  mag. 

DC 

Peak 

DC 

Peak 

DC 

Peak 

62/32 

31/32 

.97 

.17 

32.0 

181.0 

1.0 

31.2 

0.0 

32.3 

61/32 

31/32 

.95 

.17 

32.0 

90.9 

1.0 

15.1 

0.0 

16.1 

60/32 

29/32 

.94 

.17 

32.0 

61.4 

1.0 

9.7 

0.0 

10.7 

58/32 

27/32 

.91 

.15 

32.0 

39.0 

1.0 

5.4 

0.0 

6.4 

54/32 

23/32 

.84 

.08 

32.0 

32.0 

1.0 

2.6 

0.0 

3.6 

50/32 

20/32 

.78 

.12 

32.0 

16.0 

1.0 

1.7 

0.0 

2.7 

Table  1.  Magnification  Examples 
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-Dz-'EX 





E„         1,-1  -  1.2 


Ei  1-CZ~1+D*-2 


Figure  6.  Improved  Two-Pole  Digital  Filter. 


The  DC  gain  (z  =  1 )  of  this  memory  element  is  zero  — a  marked 
improvement  from  the  canonical  form.  The  frequency  at  which 
the  peak  magnitude  occurs  in  this  memory  can  be  computed 
from 

cos(wT)  =  1  ±  C"1  +°  <  1 .0  (30) 
2VT5" 

the  peak  magnitude  reached  at  this  frequency  is  (31) 


Mp 


IE,  I    yj  (1- 


-2cos(wT) 


D  )2+C2  -2  (C+CD )  cos  (wT )  +4  D  coS2  (wT) 


An  example  of  the  improvement  offered  by  the  filter  in 
Figure  6  is  shown  in  Table  1  where  the  results  of  several 
examples  using  these  equations  are  tabulated.  As  a  result  of 
this  analysis  it  is  obvious  that  an  improved  form  of  filter 
configuration  exists.  The  equations  are  readily  programmed  on 
a  general  purpose  digital  computer  to  assist  in  the  design 
phase  by  carrying  out  the  computations  for  various  arith- 
metic coefficients. 

SINGLE  POLE  ANALYSIS 

For  systems  where  an  odd  number  of  poles  in  the  digital 
processor  provides  acceptable  performance,  at  least  one  real 
pole  is  required  in  the  digital  filter  transfer  function.  To 
analyze  this  condition  consider  the  s-plane  plot  for  a  single 
high-pass  section.  A  "zero"  is  located  at  zero  and  a  "pole"  is 
located  at  -a  on  the  real  axis  in  the  s-plane  as  shown  in 


Figure  7a.  The  resultant  s-plane  transfer  function  for  the 
high-pass  section  is 


H(s)=- 


s  +  a 


(32) 


Using  the  equivalent  bilinear  form  of  the  z-transform,  the 
z-plane  transfer  function  is 


H(z) 


z-1 


z  + 


(a-1) 
(a  +  1) 


(33) 


and  the  pole  and  zero  are  plotted  in  Figure  7b.  As  in  the  two- 
pole  analysis,  the  frequency  scale  must  be  prewarped  due  to 
the  non-linear  transformation  to  achieve  the  desired  digital 
filter  implementation 


a  =  tan 


(34) 


where   a  =  design  s-plane  radian  frequency 

wD  =  desired  digital  filter  cut-off  radian  frequency 

Figure  8  shows  a  one-pole,  one-zero  digital  filter  implemen- 
tation where  the  z-plane  transfer  function  is 

-1 


H(z)  =  - 


(35) 
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The  coefficient  C  is  determined  from 
1  +a 


If  the  overall  transfer  function  gain  of  the  digital  filter  is 
critical,  a  gain  multiplier  equal  to  1/(1  +a)  must  be  placed  after 
the  single-pole  section.  The  internal  transfer  function  of  this 
single-pole  cell  at  the  memory  output  EA  is 

z-ld-C)_1-C  m 


positive  and  negative  numbers,  the  two's  complement  number- 
ing system  is  the  best  binary  representation  system  for  real- 
(36)  time  digital  processors.  The  two's  complement  representation 
is  utilized  throughout  the  digital  filter  as  long  as  a  bipolar 
numbering  quantization  scheme  is  required. 

The  coefficient  multipliers  C,  D  and  G  of  Figure  2  can  be 

nulti- 


Ea  (z) 


E,  (z) 


1  -Cz- 


1-C 
z-C 


The  peak  gain  occurs  at  DC  for  this  filter  and  is  computed  by 
setting  z  =  1.  For  this  filter  configuration  the  DC  gain  is  unity. 


plier.  Likewise,  the  additions  and  subtractions  required  can 
performed  using  the  Am25LS15  quad  serial  adder/subtractor. 
The  basic  signal  flow  is  shown  in  Figure  9.  This  figure  is  an 
oversimplification  since  it  does  not  show  all  the  timing  and 


Figure  7.  Single-Pole  s-Plane  and  z-Plane  Plot. 
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Figure  8.  Single-Pole,  Single-Zero  Digital  Filter. 


ARITHMETIC 

Once  the  digital  filter  configuration  is  selected,  several  other 
decisions  must  be  made  concerning  the  actual  operations 
within  this  configuration.  These  decisions  regarding  the  num- 
bering system,  arithmetic,  multipliers  etc.  influence  each 
other;  however,  throughout  this  discussion  they  are  considered 
independently. 

The  first  of  these  decisions  is  the  binary  number  system  used. 
Since  the  arithmetic  to  be  performed  by  the  digital  processor 
includes  addition,  subtraction,  and  multiplication  of  both 


control  as  well  as  the  delays  required  in  the  data  path  to 
enable  the  serial  data  to  arrive  at  the  appropriate  adder  inputs 
at  the  necessary  sequence  time.  The  figure  does  show  the  basic 
architecture  required  to  implement  the  canonical  two-pole, 
two-zero  building  block  using  the  Am25LS14  and  Am25LS15. 
Also  the  figure  does  demonstrate  a  key  point.  That  is,  the 
entire  arithmetic  section  (assuming  8-bit  coefficients!  can  be 
implemented  using  five  Am25LS14's  and  one  Am25LS15;  a 
significant  hardware  reduction  compared  to  any  other  imple- 
mentation scheme.  The  delays,  timing  and  control  can  be 
designed  as  required  for  each  application. 

The  hardware  required  to  implement  the  improved  two-pole, 
high-pass  filter  depicted  in  Figure  6  is  demonstrated  in  Figure 
10.  Here  the  required  single  flip-flop  delay  in  the  serial  data 
path  is  shown.  Thus  all  memories,  multipliers,  adder/sub- 
tractors  and  the  D-type  flip-flop  can  be  clocked  in  unison  and 
the  LSB's  reach  the  data  path  inputs  in  synchronism  through- 
out the  algorithm. 

This  two-pole,  high-pass  filter  arithmetic  section  is  imple- 
mented using  only  one  Am25LS15  and  two  Am25LS14's  for 
8-bit  C  and  D  coefficients.  The  memory  length  can  be  as 
required  for  the  design  accuracy  of  the  application.  This 
example  assumes  that  the  digital  number  range  has  the  required 
dynamic  range  to  handle  the  maximum  expected  magnifica- 
tion within  the  filter.  Round-off,  truncation,  overflow  etc.  can 
be  handled  in  other  ways  as  required  by  the  design.  If  round- 
off is  required  an  additional  adder  section  can  be  placed  in 
front  of  the  memory  and  plus  one  added  at  the  appropriate 
bit  to  perform  the  rounding.  A  microprogrammed  state- 
machine  approach  is  recommended  as  the  control  means  to 
provide  the  required  input  signals  and  timing.  Likewise  one 
section  of  an  Am25LS15  adder  can  be  used  to  detect  overflow 
if  required. 

The  single-pole,  single-zero  digital  filter  section  as  shown  in 
Figure  8  can  also  be  easily  implemented  using  the  Am25LS14, 
Am25LS15  and  the  serial  memory  as  required. 

From  these  examples  it  is  seen  that  the  Am25LS14  and 
Am25LS15  can  be  used  to  perform  all  multiplication,  addition 
and  subtraction  required  in  a  digital  filter  algorithm  imple- 
mented in  serial/parallel  hardware.  While  not  specifically  dis- 
cussed in  these  examples,  it  should  be  recognized  that  the 
Am25LS22  and  Am25LS299  are  also  applicable  to  the 
memory  portions  of  the  filters.  However  care  must  be  exer- 
cised when  using  the  sign  extend  feature  of  the  Am25LS22 
so  that  data  for  the  next  cycle  is  not  lost. 

For  example  the  first  memory  (left  hand  side)  of  Figure  10 
can  be  implemented  using  a  single  Am25LS22  (8-bit  trun- 
cated word). 

The  second  memory  (right  hand  side),  however,  requires 
an  Am25LS22  preceded  by  an  Am25LS299  (or  another 
Am25LS22)  so  that  the  data  out  of  the  first  adder  can  be 
retained  while  the  sign  extend  function  is  being  performed 
in  this  memory. 
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Figure  9.  Canonical  Two-Pole,  Two-Zero  Recursive  Digital  Filter  Using  the  Am25LS14  and  Am25LS15. 


FILTER  GAIN 

The  s-plane  transfer  function  for  a  complex  pair  of  poles 
yields  a  z-plane  transfer  function  from  which  a  gain  multiplier 
is  factored  as  shown  in  equation  5  and  is 

K 

1+2xwa  +  wa2  (38) 

While  the  K  is  in  the  initial  s-plane  transfer  function  assump- 
tion, the  quantity  1/(1  +  2  x  wa  +  wa2)  is  a  constant  that  must 
be  recognized  as  it  is  usually  greater  than  1.0.  This  means  that 
in  the  cascade  two-pole,  building-block  approach,  the  maximum 
input  dynamic  range  to  each  section  is  increasing  by  this 
quantity.  Therefore  a  gain  coefficient  multiplier  may  be  re- 
quired between  each  two-pole  building  block  to  reduce  the 
input  dynamic  range  to  the  original  A/D  converter  output 
equivalent.  Likewise  the  gain  at  any  point  throughout  the 
filter  can  be  modified  if  the  designer  desires  using  the  gain 
multiplier  approach. 

Another  form  of  gain  that  must  be  considered  in  the  cascade 
implementation  is  the  order  in  which  the  two-pole  sections  are 
placed.  It  is  desirable  to  place  the  over-damped  poles  first  in 
the  cascade  configuration  followed  by  the  under-damped  poles. 
The  reason  for  this  requirement  is  that  the  under-damped  pole 
pair  transfer  function  has  gain  at  or  near  the  pole  pair  cut  off 
frequency  and  thus  the  input  dynamic  range  to  the  next  cas- 
caded section  is  magnified. 


OTHER  CONSIDERATIONS 

In  addition,  there  are  other  areas  the  designer  can  investigate  in 
detail  while  designing  digital  filters.  The  most  notable  of  these 
is  the  response  of  the  filter  to  internal  and  external  noise.  It  is 
not  the  intent  of  this  application  note  to  develop  the  general 
theory  of  noise  in  digital  filters  since  to  some  extent  that 
already  exists  in  the  literature1'2'3'4'5- 

Another  consideration  regards  the  A/D  converter.  The  dynamic 
range  of  the  A/D  converter  is  selected  as  required  where  each 
bit  provides  six  db  dynamic  range.  The  variance  of  the  quan- 
tization steps  (noise)  associated  with  the  A/D  converter  can 
be  shown5  to  be 


12 


where  E  is  the  quantization  step.  If  the  A/D  converter  is 
selected  as  having  eight  bits,  E2  has  48  db  range  and  the 
quantization  noise  power  is  a  factor  of  12  (11  db)  below 
this  level. 

Also  of  importance  is  the  noise  due  to  the  multiplication 
truncation  effect,  sometimes  called  the  "deadband"  effect. 
Basically  this  noise  causes  the  internal  values  within  the 
filter  to  terminate  prematurely.  That  is,  the  same  steady-state 
value  is  not  reached  as  could  be  reached  if  infinite-precision 
arithmetic  is  used.  The  easiest  demonstration  of  this  effect  is 
to  examine  the  actual  hardware  response  (or  computer  simula- 
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Figure  10.  Two-Pole,  High-Pass  Recursive  Digital  Filter. 


tion)  of  a  high-pass  filter  to  an  impulse  input.  After  several 
iterations  the  filter  will  "hang  up"  as  the  edge  of  the  deadband 
is  reached.  Thus  it  will  not  decay  to  zero  as  might  be  expected. 
Another  effect  which  can  sometimes  result  with  a  constant 
input  is  that  a  small  steady-state  oscillation  can  occur.  Typically 
this  behavior  occurs  as  a  low  amplitude  square  wave  with 
frequency  of  PRF/2.  The  cause  of  this  oscillation  is  due  to 
noise  components  which  are  introduced  at  the  various  multi- 
pliers within  the  filter  each  time  the  algorithm  is  iterated;  the 
filter  then  magnifies  the  component  at  PRF/2. 

These  intricacies  demonstrate  the  need  for  exhaustive  com- 
puter simulation  of  the  filter,  once  designed,  to  insure  opera- 
tion as  desired.  Simple  Fortran  math  model  programs  that 
allow  multiplier  and  memory  truncation  as  well  as  A/D  quan- 
tization effects  to  occur  can  quickly  demonstrate  the  various 
characteristics  of  the  filter. 

TEST  EQUIPMENT 

One  of  the  most  important  areas  the  digital  designer  must 
make  provision  for  in  the  design  of  a  digital  filter  is  the 
ability  to  test  the  various  components  of  the  filter  (adders, 
multipliers  etc.)  after  the  hardware  is  constructed.  Two  tech- 
niques can  be  applied  in  this  application  where  each  gives  a 
partial  testing  capability.  These  two  techniques  are  static 
testing  and  dynamic  testing  using  special  purpose  test  equip- 
ment. 

The  digital  filter  should  be  designed  to  provide  easy  access  to 
test  points  that  contain  data  lines  to  all  of  the  bits  in  a  com- 
plete word.  In  this  manner  the  complete  word  including  sign 
is  available  to  the  special  test  set  which  contains  both  static 
readout  capability  and  dynamic  readout  capability. 

Provision  should  be  made  in  the  design  to  allow  any  dynamic 
memories  to  be  replaced  by  static  memories.  Thus  the  digital 
filter  can  be  "single  stepped"  such  that  the  outputs  of  the 
multipliers  and  adders  can  be  monitored  on  readout  devices 
such  as  lamps  or  octal  display  tubes.  These  readouts  can  be 
checked  against  a  computer  printout  of  an  exact  simulation  of 
the  digital  filter  and  the  test  set.  This  gives  the  capability  of 


tracing  any  defective  components  or  wiring  errors  in  the 
equipment.  Manual  switches  are  used  to  enter  data  into  the 
filter  and  then  the  filter  "stepped  along."  The  corresponding 
output  states  are  observed  to  demonstrate  that  no  deviation 
occurs  from  the  computer  tabulation.  This  is  equivalent  to 
checking  either  the  step  response  or  the  impulse  response  of 
the  filter  in  slow  motion  depending  on  the  input  switch 
manipulation. 

In  dynamic  testing,  digital-to-analog  (D/A)  converters  within 
the  test  set  can  be  plugged  into  the  same  test  points  as  used 
in  the  static  mode.  The  output  from  the  D/A  converter  is  an 
analog  signal  viewable  on  an  oscilloscope.  Thus,  the  operation 
of  the  filter  at  various  points  can  be  checked  at  normal 
operating  frequencies  and  the  results  observed  to  determine 
compliance  to  the  desired  performance.  In  the  dynamic  mode, 
the  step  response,  impulse  response  or  Bode  response  can  be 
determined. 

It  is  important  in  working  with  digital  filter  designs  to  have  a 
comprehensive  test  plan  included  as  part  of  the  design.  If  this 
is  not  done,  it  is  almost  impossible  to  "trouble-shoot"  such  a 
complex  piece  of  equipment  and  the  desired  operation  may 
never  be  completely  verified. 
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AIRBORNE  MTI  RADAR- 
A  Digital  Filter  Application  Example 


By  John  R.  Mick 


— — — — 

A  typical  non-coherent  airborne  MTI  radar  system  is  shown 
in  Figure  1.  This  system  transmits  an  RF  pulse  of  width  r  at 
a  carrier  frequency  of  fn,  that  has  a  wave  length  X.  The  receiver 
output  is  a  video  signal  representing  the  echo  return  power 
of  the  ground  patch  that  is  defined  by  the  antenna  beam 
width,  transmitter  pulse  width,  and  depression  angle  from  the 
aircraft.  This  received  signal  contains  both  the  fixed-target 
and  moving-target  information  from  each  range  cell.  The 
fixed-target  return  is  termed  "clutter"  since  it  represents 
the  unwanted  signal.  The  moving-target  echo  causes  a  doppler 
frequency  envelope  on  the  received  signal  and  this  doppler 
frequency  is 


fd  = 


2  Vr 


cos  (0) 


where 

fd 
Vr 

X 

e 


doppler  frequency  in  Hz 

velocity  of  target  in  m/sec 

wave  length  of  transmitted  frequency  in  m 

angle  between  radar  antenna  boresight  and  target 

velocity  vector 


The  MTI  processor  detects  the  moving-target  doppler  in  the 
received  video  signal  while  rejecting  the  fixed-target  clutter 
return  by  using  a  range-gated,  high-pass  filter.  The  term 
"range-gating"  refers  to  the  technique  of  applying  individual 
segments  of  ground  patch  echo  to  corresponding  individual 
high-pass  filter  elements.  The  range-gated  processor  can  extract 
moving-target  echos  from  the  clutter  return  even  if  the  clutter 
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Figure  1.  Typical  Non-Coherent  Airborne  MTI 
Radar  System. 


echo  is  20  or  30  db  greater  than  the  moving-target  echo 
signal.7  The  output  of  the  MTI  processor  is  displayed  on  an 
appropriate  display  such  as  a  cathode  ray  tube  or  solid  state 
display. 

"Clutter  is  distinguished  from  receiver  noise  by  its  relatively 
narrow,  low-frequency  spectrum,  which  implies  that  these 
echoes  are  correlated  from  one  sample  to  the  next.  Because 
of  this  property  it  is  possible  to  reduce  the  effects  of  clutter 
with  filters  that  reject  energy  at  the  clutter  frequencies  but 
that  pass  the  doppler-shifted  echoes  from  targets  having  higher 
velocities  than  the  clutter.  A  processor  that  distinguishes 
moving  targets  from  clutter  by  virtue  of  differences  in  their 
spectra  is  called  a  moving  target  indicator  or  simply  MTI!"6 
The  clutter  spectral  spread  is  effected  by  aircraft  motion, 
antenna  scanning,  and  radar  imperfections.  Radar  imperfec- 
tions include  transmitted  frequency  change,  amplitude 
modulation  of  the  transmitted  pulse,  pulse  width  jitter,  and 
time  jitter  between  the  trigger  pulse  and  transmitted  pulse. 
Also,  the  clutter  is  effected  by  wind  effects  on  the  surface 
terrain  foliage  such  as  trees  and  bushes. 

The  presence  of  a  moving  target  within  a  range  resolution  cell 
causes  an  amplitude  modulation  of  consecutive  returns  in  that 
cell.  A  resolution  cell  has  the  width  of  the  ground  surface 
illuminated  by  the  antenna  azimuth  beam  width,  and  the 
length  determined  by  the  range  resolution  of  the  radar.  After 
many  returns,  the  resolution  cell  has  an  output  waveform 
envelope  defined  by  the  moving-target  doppler  frequency  fd 
described  by  equation  1.  The  output  spectrum  after  the 
envelope  detector  in  the  receiver  is  shown  in  Figure  2.  Here, 
the  video  spectrum  for  a  single  cell  consists  of  a  large  clutter 
return  along  with  a  moving  target  return. 

Because  of  the  spurious  sidebands  produced  by  the  sampling 
process,  the  clutter  spectrum  is  imaged  at  all  integer  multiples 
of  the  sampling  rate,  also  known  as  the  pulse  repetition  fre- 
quency (PRF).  Due  to  the  envelope  detection  process  of  the 
intermediate  frequency  (IF)  signal,  all  doppler  frequencies 
are  found  to  be  "folded"  into  the  positive  frequency  range 
from  DC  to  one-half  the  sampling  rate  (PRF/2).  In  addition 
the  moving-target  spectrum  is  found  on  each  side  of  the  clutter 
spectrum  at  all  integer  multiples  of  the  PRF. 


CLUTTER  SPECTRUM 


Figure  2.  Receiver  Output  Spectrum. 
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DELAY  LINE  CANCELLERS 

Historically,  the  first  MTI  detection  device  used  to  extract 
the  moving-target  doppler  echo  in  the  presence  of  clutter  was 
the  delay  line  canceller.  Usually,  it  consisted  of  an  analog 
delay  line  length  T  =  1.G7PRF  seconds  and  a  subtractor  as 
shown  in  Figure  3. 


— KD— 


Figure  3.  Single  Delay  Line  Canceller. 


Here,  successive  returns  of  the  radar  from  the  same  range  cell 
are  subtracted  resulting  in  an  output  that  is  equal  to  the  pulse- 
to-pulse  fluctuations  of  the  radar  return.  Since  fixed  targets 
have  a  constant  amplitude  return,  the  output  is  zero  in  the 
ideal  system.  When  a  moving  target  is  added,  there  is  a 
variation  of  return  amplitude  from  pulse  to  pulse  as  defined 
by  the  doppler  frequency  envelope;  thus,  an  output  related 
to  this  variation  results  from  the  delay  line  canceller  for  this 
range  cell. 

The  amplitude  response  H(f)  for  the  single  delay  line  canceller 
is 

lH(f)l  =  K  Isin  UTfll 

where  T  is  the  sampling  interval,  f  is  the  input  frequency,  and 
K  is  a  gain  constant.  Thus  the  delay  line  canceller  has  a 
transfer  response  that  is  a  function  of  the  inter-pulse  period 
and  is  zero  at  DC  and  integer  multiples  of  the  PRF  as  shown 
in  Figure  4. 
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Figure  4.  Frequency  Response  of  Single-Delay-Line 
Canceller  and  Double-Delay-Line  Canceller. 


A  double  delay  line  canceller  can  be  used  to  increase  the 
clutter  rejection  of  an  MTI  system.  Figure  5  shows  two  equiv- 
alent forms  of  a  double  delay  line  canceller.  The  z"1  notation 
is  the  unit  delay  operator  and  refers  to  a  delay  equal  to  one 
interpulse  period  of  the  radar.  Each  canceller  has  the  transfer 
function 


(z-1)2 


The  amplitude  response  for  these  cancellers  is 
lH(f)l  =  K,  Isin2  (TTfq-)  I 


4^  4^ 


(a)  Cascaded  Single  Delay  Lines 


(b)  Three  Pulse  Comparison 


z2 


Figure  5.  Double  Delay  Line  Canceller. 


As  is  seen,  the  double  delay  line  canceller  has  a  sine-squared 
response  rather  than  the  sine  response  of  a  single  delay  line 
canceller  as  shown  in  Figure  4.  As  a  result,  a  greater  attenua- 
tion of  the  clutter  spectrum  is  realized.  It  is  possible  in  theory 
to  combine  three,  four  or  more  delay  lines  in  various  configu- 
rations to  give  multiple  zeros  at  the  origin  in  the  s-plane. 
However,  these  become  very  difficult  to  implement  since 
very  slight  changes  in  delay  time  cause  significant  reductions 
in  cancellation.  Even  the  double  delay  line  canceller  is  difficult 
to  implement  reliably. 

ANALOG  RANGE-GATE  FILTER 

The  analog  range-gated  filter  represents  a  more  sophisticated 
radar  technique  for  separating  moving  target  returns  from 
fixed  target  returns  by  detection  of  the  doppler  shift  in 
frequency  due  to  the  target  motion.  The  combinations  of  a 
moving  target  or  targets  with  a  larger  fixed  target  within  a 
resolution  cell  causes  an  amplitude  modulation  of  consecutive 
returns  from  that  cell.7 

A  block  diagram  of  a  simple  analog  range-gated  filter  is  shown 
in  Figure  6.  Here  input  switch  Si  and  output  switch  Si  are 
closed  simultaneously  for  a  period  equal  to  the  radar  pulse 
width  t. 

This  causes  the  radar  echo  return  for  the  range  cell  to  be 
stored  on  capacitor  Ci.  The  final  voltage  on  Ci  each  time 
switch  Si  closes,  is  equal  to  the  instantaneous  value  of  the 
radar  video  input  at  the  end  of  each  sampling  interval  r. 
Therefore,  the  input  switch  and  capacitor  form  a  zero  order 
hold  circuit.  After  input  switch  is  opened,  the  analog 
voltage  equal  to  the  return  echo  will  remain  as  an  input  to 
filter  number  one.  At  the  same  time,  the  output  switch  Si 
applies  the  present  output  of  the  filter  to  the  output  line. 
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Figure  6.  Simple  Analog  Range-Gated  Filter. 


At  the  instant  switches  Si  are  opened,  switches  S2  are  closed 
for  r  seconds  and  action  similar  to  that  described  above 
takes  place.  Likewise,  when  switches  S2  are  opened,  switches 
S3  are  closed  and  this  continues  sequentially  until  switches 
S(\|  are  activated. 

As  is  seen,  each  filter  element  receives  radar  echo  return 
from  successive  range  cells  approximately  equivalent  of  cr/2 
in  range  since  a  two-way  trip  is  required  for  the  radar  energy 
and  where  c  equals  the  speed  of  light.  Thus  each  analog  filter 
is  gated  to  receive  a  small  range  patch  of  radar  echo  return; 
thereby,  the  name  analog  range-gated  filter  is  derived. 

One  important  aspect  of  this  type  of  MTI  system  is  that  since 
the  filters  are  time  multiplexed,  the  resolution  cells  are  essen- 
tially independent.  However  successive  returns  are  highly 
correlated  since  they  represent  echoes  from  essentially  the 
same  ground  patch.  The  filter  element  used  to  extract  the 
moving  target  doppler  is  designed  to  provide  a  very  sharp 
rejection  of  the  clutter  spectrum  while  providing  near  uniform 
gain  to  the  widest  possible  band  of  frequencies  containing 
moving  target  echoes.  This  is  accomplished  with  a  sharp  cut- 
off high-pass  filter,  usually  with  at  least  24  db  per  octave 
attenuation.  The  amplitude  response  of  the  filter  in  one 
element  of  a  range-gated  filter  is  shown  in  Figure  7  and  is 
compared  with  the  response  of  a  single  delay  line  canceller. 

There  are  many  variations  that  can  be  derived  from  the  basic 
analog  range-gated  filter  shown  in  Figure  6.  These  include 
input  and  output  multiplexing  schemes  to  reduce  switching 
speed  requirements,  various  analog  filter  cut-off  frequency 
control  techniques  to  allow  the  widest  possible  acceptance 
band  for  moving  target  frequencies  as  determined  by  the 
spectral  spread  of  the  clutter  return,  etc.  Each  configuration 
is  still  basically  a  device  to  separate  the  moving-target  signal 
spectrum  from  the  fixed-target  signal  spectrum. 


DIGITAL  RANGE-GATED  PROCESSOR 

A  digital  range-gated  processor  is  a  highly  sophisticated  radar 
technique  for  extracting  moving  target  echoes.  The  digital 
range-gated  filter  performs  the  identical  function  as  the 
analog  range-gated  filter;  however,  the  hardware  implemen- 
tation of  the  two  types  of  filters  is  notably  different. 

A  block  diagram  of  a  simple  digital  range-gated  processor 
is  shown  in  Figure  8.  Here  input  switch  Si  is  closed  for  7 
seconds  to  store  the  final  instantaneous  value  of  the  radar 
return  echo  voltage  for  the  first  range  cell  on  capacitor  C1. 
When  switch  Si  is  opened  switches  S2  and  S3  are  closed.  The 
second  range  cell  video  return  is  stored  on  capacitor  C2.  Thus, 
switches  Si  and  S3  along  with  capacitors  C1  and  C2  provide 
two  first  order  hold  circuits.  Meanwhile  switch  S2  applies  the 
voltage  on  C1  to  the  analog-to-digital  (A/D)  converter.  In  the 
A/D  converter  the  analog  voltage  is  quantitized  to  a  binary 
number  representation.  After  r  seconds,  S2  and  S3  are  opened 
and  Si  and  S4  are  closed  resulting  in  similar  action.  This 
process  of  alternating  the  S-|,  S4  pair  and  the  S2,  S3  pair 
continues  until  the  desired  range  is  covered  by  the  processor 
and  each  resolution  cell  echo  return  in  quantized. 

The  binary  output  from  the  A/D  converter  is  applied  to  the 
digital  filter  which,  in  effect,  consists  of  N  individual  filters 
as  in  the  previous  analog  example.  Here,  however,  the  arith- 
metic circuitry  is  implemented  only  once  and  is  time  shared 
among  all  filter  elements  in  the  processor.  This  is  easily 
achieved  since  the  individual  filters  operate  sequentially.  The 
output  of  each  individual  filter  element  is  applied  sequentially 
to  the  digital-to-analog  (D/A)  converter  resulting  in  a  con- 
tinuous video  MTI  output  synchronous  in  range  with  the 
radar  video  input. 

One  of  the  key  advantages  of  the  digital  filter  is  that  the 
arithmetic  operations  are  all  handled  by  the  same  hardware 
for  each  filter  cell.  This  means  each  individual  filter  element 
has  exactly  the  same  transfer  function.  That  is,  each  has 
exactly  the  same  mid-band  gain,  cut-off  frequency,  and  attenu- 
ation. In  the  case  of  individual  analog  filters,  amplifier  gains 
tend  to  differ  and  component  values  vary  initially  as  well  as 
with  temperature  and  age. 

A  digital  memory  word  is  required  for  each  pole  of  each  cell 
in  the  range-gated  processor  and  no  sharing  is  possible.  The 
analog  equivalent  of  this  is  the  storage  supplied  by  capacitors 
and  inductors,  since  these  are  the  components  that  provide  the 
terms  (sL  and  1/sC)  associated  with  the  poles  in  the  Laplace 
transfer  function.  Many  additional  advantages  of  the  digital 
filter  approach  to  MTI  radar  exist.  These  will  become  apparent 
as  the  design  criteria  are  examined  in  more  detail. 


RANGE-GATED  FILTER 


0  PRF  ! 


Figure  7.  Spectral  Response  of  Filter  Element. 
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SUMMARY 


Chronologically  the  delay  line  cancellers  were  the  first  MTI 
detection  devices  for  pulse-doppler  radar  systems.  An  im- 
provement in  detectability  was  added  to  the  system  by  the  use 
of  the  analog  range-gated  filter.  This  improvement  is  related 
to  the  sharper  filter  cut-off  characteristic  which  increases  the 
rejection  to  clutter.  Likewise,  additional  canceller  gain  is 
supplied  to  the  doppler  signal  from  slower  moving  targets. 


The  most  recent  improvement  in  MTI  radar  processors  is  a 
result  of  the  digital  implementation  of  the  range-gated 
processor.  The  improvement  is  provided  by  several  features 
inherent  in  the  digital  filter  design.  These  include:  the  uniform 
gain  provided  by  all  cells  of  the  processor,  the  ability  to  move 
the  cut-off  frequency  to  various  points  near  the  clutter 
spectrum,  the  freedom  from  variations  due  to  parts  aging, 
and  the  reduced  size  and  power  afforded  by  arithmetic 
time  sharing. 
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Understanding  Booth's 
Algorithm  in  2's  Complement 
Digital  Multiplication 

By  John  R.  Mick 


INTRODUCTION 

At  the  present  time,  digital  machines  perform  multiplication 
using  either  serial  techniques,  serial-parallel  techniques,  or 
all-parallel  techniques.  The  multiplication  speeds  can  be  very 
slow  to  very  fast  depending  on  the  exact  hardware  imple- 
mentation used  and  the  hardware  constraints  imposed. 

The  Am25LS14  can  be  used  to  perform  multiplication  of 
2's  complement  numbers  with  a  minimum  of  hardware.  The 
The  new  Am25LS14  provides  the  capability  to  perform  very 
high  speed  direct  hardware  multiplications  and  is  especially 
suited  for  real-time  digital  processing  applications.  This  device 
will  find  applications  in  minicomputers,  recursive  or  non- 
recursive  digital  filters,  Fast  Fourier  Transform  processors, 
adaptive  digital  integrators  and  many  other  digital  implemen- 
tations of  special  arithmetic  algorithms. 

MULTIPLICATION  DEFINITION 

According  to  Webster's  Dictionary,  multiplication  is  "a  math- 
ematical operation  that  at  its  simplest  is  an  abbreviated  proc- 
ess of  adding  an  integer  to  itself  a  specified  number  of  times 
and  that  is  extended  to  other  numbers  in  accordance  with  laws 
that  are  valid  for  integers."  This  definition  is  particularly 
appropriate  for  binary  numbers  in  that  all  hardware  binary 
multiplication  schemes  make  an  "add"  or  "no-add"  decision 
and  maintain  the  "weighting"  rules  of  binary  numbers.  The 
two  numbers  involved  in  the  operation  are  usually  called  the 
multiplicand  (the  number  to  be  multiplied)  and  the  multiplier 


Multiplicand 

x3  (8) 

+      x2  (4) 

+ 

x,  (2) 

+ 

x0ID 

Multiplier 

y3  (8) 

+      V2  (4) 

+ 

y,  12) 

+ 

*0<D 

x3y0  (8) 

+   x2yn  (4) 

+ 

*1V0 <2) 

+ 

xny0(1) 

x3y-|  (16) 

+ 

x2y,  (8) 

+   x,yi  (4) 

+ 

*0V1  121 

Carry  (321 

+ 

Ps4  (16) 

+ 

Ps3  (8) 

+     Ps2  (4) 

+ 

Ps,  (2) 

+ 

Ps0  (1) 

x3y2  (32) 

+ 

x2y2  (16) 

+ 

x1y2  (8) 

+  X0V2  *4' 

Carry  (64)      +       Ps5  (32) 

+ 

Ps4  (161 

+ 

Ps3  (8) 

+    Ps2  (4) 

+ 

Ps,  12) 

+ 

Ps0  (1) 

x3y3  (641     +       x2y3  (32) 

+ 

xlV3  (16) 

+ 

x0y3  (8) 

s7(128)  +  s6(64)     +  s5(32) 

+ 

s4(16) 

+ 

s3(8l 

+  s2(4) 

+ 

5,(2) 

s0(1) 

Figure  1.  Multiplication  of  Two  Unsigned  4-bit  Numbers  X  and  Y. 
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(the  number  that  multiplies)  with  the  result  being  called  the 
product  (later  in  this  application  note  the  partial  products  or 
partial  sums  will  be  important). 

Binary  multiplication  is  performed  as  in  the  following  four 
digit  example.  The  terms  X  and  Y  are: 

X  =  x0(2°)  +  x.|(21)  +  x2(22)  +  x3(23) 
X  =  x0(1)  +  x-,(2)  +  x2(4)  +  x3(8) 
Y  =  y0(1)  +  vi  (2;  +  y2(4)  +  y3(8) 

where  Xj  and  y,  can  assume  a  "0"  or  "1"  value  for  i  = 
0,  1.2  or  3. 

If  X  is  the  multiplicand  and  Y  is  the  multiplier,  the  products 
of  X-Y  is 

S  =  X  •  Y  =  y0(1)  [x0(1)  +  x,(2)  +  x2(4)  +  x3(8)] 

+  yt(2)  [x0(1)  +  x,(2)  +  x2(4)  +  x3(8)] 

+  V2(4)  [x0(1)  +  X1(2)  +  x2(4)  +  x3<8>] 

+  V3(8)  [x0(1)  +  X1(2)  +  x2(4)  +  x3(8)] 

In  the  above  example,  it  can  be  seen  that  three  additions  are 
required  to  generate  the  product  S  of  X-Y;  the  first  two  of 
these  are  usually  called  partial  products  or  partial  sums.  In 
order  to  examine  the  weighting  of  the  binary  numbers  in  the 
above  example,  the  complete  partial  product  solution  is  shown 
in  Figure  1  and  the  weights  of  the  x  terms  and  y  terms  have 
been  combined. 


Understanding  Booth's  Algorithm 


The  s7(  1 28)  term  represents  the  carry  out  of  the  final  sum- 
mation. As  is  seen,  the  multiplication  of  two  4-bit  unsigned 
words  results  in  an  8-bit  product.  This  can  be  extended  to  a 
general  statement;  that  is,  the  multiplication  of  a  m-bit  un- 
signed number  with  a  n-bit  unsigned  number  gives  a  m  +  n  bit 
resultant  unsigned  product.  This  number  may  be  truncated  of 
course  and  rules  will  be  given  later  for  determining  the  result- 
ing accuracy  when  the  hardware  is  being  reduced. 

It  should  be  recognized  that  the  product  terms  associated  with 
yrj  and  y-j  can  be  added  in  one  adder  and  the  product  terms 
associated  with  \2  and  V3  can  be  added  in  a  second  adder  at 
the  same  time;  thereby  giving  two  partial  products  after  one 
adder  propagation  delay  time.  These  two  partial  sums  can  then 
be  added  in  a  third  adder  to  give  the  resultant  product  of 
the  multiplication. 

One  technique  for  reducing  multiplication  time  that  is  pres- 
ently being  used  in  serial  and  serial-parallel  multipliers  is  to 
ignore  addition  when  the  multiplier  bit  is  a  logic  "0."  When 
this  is  done  the  number  of  terms  to  be  added  is  equal  to  the 
number  of  1's  in  the  multiplier  word.  This  method  can  be  ex- 
tended in  such  a  way  that  strings  of  1's  can  also  be  ignored- 
this  leads  to  an  important  new  technique  for  performing  high 
speed  multiplication.  This  technique  will  be  discussed  in 
greater  detail  later. 


Two's 

Complement 

Sign 

Decimal 

bit 

-23 

22 

2i 

2° 

Number 

-8 

4 

2 

1 

0 

1 

1 

1 

+7 
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1 

1 

0 

+6 

0 

1 

0 

1 

+5 

0 

1 

0 

0 

+4 

0 

0 

1 

1 

+3 

0 

0 

1 

0 

+2 

0 

0 

0 

1 

+1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

-1 

1 

1 

1 

0 

-2 

1 

1 

0 

1 

-3 

1 

1 

0 

0 

-4 

1 

0 

1 

1 

-5 
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0 

1 

0 

-6 

1 

0 

0 

1 

-7 

1 

0 

0 

0 

-8 

TWO'S  COMPLEMENT  NOTATION 

This  section  is  presented  as  a  quick  review  of  the  two's  com- 
plement numbering  system  and  is  intended  to  give  insight  for 
the  designer  not  familiar  with  two's  complement  notation.  The 
two's  complement  numbering  system  is  a  technique  for  de- 
scribing positive  and  negative  numbers  in  a  convenient  no- 
tation. When  contrasted  with  other  numbering  systems  such 
as  sign-magnitude  and  one's  complement,  it  has  the  advantage 
of  only  having  one  representation  for  the  number  "zero."  Also, 
two's  complement  numbers  can  be  added  or  subtracted  with- 
out concern  for  the  sign  of  each  number  as  the  result  will  be 
correct  in  two's  complement  notation. 

In  2's  complement  notation,  the  sign  bit  is  a  logical  "0"  for 
positive  numbers  and  a  logical  "1"  for  negative  numbers.  Four 
bits  may  be  used  to  represent  the  numbers  +7  to  —8  as  shown 
in  Figure  2.  Notice  that  the  sign  bit  does  carry  magnitude 
information  that  has  a  negative  value. 

From  this  example,  it  is  readily  apparent  that  the  magnitude  of 
the  negative  numbers  is  not  represented  by  its  associated 
magnitude  bits  if  the  sign  bit  is  ignored  as  is  the  case  for  the 
positive  numbers.  One  way  to  find  the  absolute  magnitude  of 
a  negative  2's  complement  number  is  to  invert  all  bits  and 
add  plus  binary  one  as  in  the  example  below: 

1011      Negative  2's  complement  number 

0100  Inverted 

+  0001      One  Added 

0101  Result 

From  this  example,  it  is  seen  that  the  magnitude  of  this 
negative  numbers  is  five. 

Likewise,  to  form  a  negative  2's  complement  number,  the 
positive  representation  is  taken,  inverted,  and  plus  binary  one 
is  added  as  shown. 


Positive  number  +3 

Binary  representation 
Inverted 
One  added 

Minus  three  in  two's  complement 


0011 
1100 
+  0001 
1101 


The  advantage  of  two's  complement  in  many  computers  and 
digital  processors  is  that  addition  and  subtraction  can  be  per- 
formed without  regard  to  whether  the  numbers  being  added  or 
subtracted  are  positive  or  negative.  Examples  of  addition  are 
shown  in  Figure  3.  Note  that  overflows  are  discarded. 


Figure 


Definition  of  a  4-bit  1 
Binary  Number. 


0001 

+1 

0001 

+1 

1110 

-2 

0101 

+5 

1111 

-1 

0110 

+6 

0110 

+6 

(1)0000 

0 

(1)0100 

+4 

0110 

+6 

1010 

-6 

1110 

-2 

1110 

-2 

0011 

+3 

1101 

-3 

(1)  0100 

+4 

1101 

-3 

(1)  1011 

-5 

Figure  3.  Examples  of  Two's  Complement  Addition. 
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Subtraction  is  much  like  addition  except  that  the  number 
being  subtracted  (subtrahend)  must  be  inverted  and  have  one 
added  to  its  value.  It  is  then  added  to  the  minuend.  This  ad- 
dition of  +1  represents  no  problem  in  the  hardware  because 
the  carry  in  (cn)  of  the  least  significant  adder  can  be  used  for 
this  purpose  —  not  an  additional  adder.  Figure  4  shows 
examples  of  subtraction. 


Minuend 

0001  +1 

1110-2 

1110 

-2 

1010 

-6 

Subtrahend 

0101  +5 

0110  +6 

1101 

-3 

1101 

-3 

Minuend 

0001 

1110 

1110 

1010 

Inverted  Subtrahend 

1010 

1001 

0010 

0010 

Add 

1011 

0111 

0000 

1100 

Add  One 

0001 

0001 

0001 

0001 

Result  (Binary) 

1100 

1000 

0001 

1101 

Result  (Decimal) 

-4 

-8 

+1 

-3 

Figure  4.  Examples  of  Two's  Complement  Subtraction. 


From  these  examples,  one  might  conclude  thaf  multiplication 
is  simply  the  product  of  one  2's  complement  number  with  the 
other.  Unfortunately,  this  is  not  correct  for  negative  numbers. 
One  obvious  technique  for  multiplication  in  which  negative 
numbers  are  represented  by  2's  complements  is  to  determine 
the  signs  and  magnitudes  of  the  operands,  multiply  the 
magnitudes,  and  then  if  the  result  is  negative,  cast  the  result 
into  2's  complement  form.  It  seems  preferable,  however,  to 
devise  a  scheme  for  multiplying  such  numbers  more  simply. 
Booth's  method  will  be  considered  for  this  purpose. 

BOOTH'S  ALGORITHM 

In  the  usual  methods  of  digital  multiplication,  the  multiplier 
digits  are  examined  in  turn  and  when  the  multiplier  digit  is  a 
logical  "1,"  the  multiplicand  is  added  to  the  running  partial 
sum  in  the  appropriate  weight.  For  each  multiplier  digit,  there 
is  a  relative  one-digit  shift  between  the  multiplicand  and 
partial  sum  whether  there  has  been  an  addition  or  not.  Booth's 
algorithm  provides  a  tool  whereby  more  than  one  shift  at  a 
time  may  be  made,  depending  on  the  grouping  of  strings  of 
logic  1  's  or  logic  0's.  This  multiple  shifting  ability  may  be  used 
to  "speed  up"  the  multiplication  process. 

Ordinary  multiplication  (disregarding  signed  numbers)  can  be 
performed  by  summing  a  series  of  partial  products,  each  of 
which  is  one  bit  of  the  multiplier  word,  Y,  times  the  entire 
multiplicand  word,  X,  times  the  weight  of  the  Y  multiplier  bit. 
That  is, 

n  -  1 

tt=     2     y,  -  X  -  2' 
i-0 

where  n  =  number  of  bits  in  Y 

This  method,  usually  designated  "add  and  shift",  is  simply 
performed  by  ANDing  the  i-th  multiplier  bit,  Vj,  with  the  X 
value  giving  a  result  of  X  or  0,  and  then  adding  this  result 
(X  or  0)  to  the  present  partial  product  to  generate  a  new 
partial  product.  The  new  partial  product  is  then  shifted  one 
place  toward  the  LSB.  This  divides  it  by  2  or,  effectively, 
multiplies  X  by  2  relative  to  the  partial  product.  The  process 


is  then  repeated  for  the  next  more  significant  bit  of  Y.  This 
algorithm  will  work  for  2's  complement  values  of  Y  if  for  the 
most  significant  bit  of  Y,  the  sign  bit,  a  subtraction  rather 
than  addition  is  performed.  This  results  because  the  MSB  of 
a  2's  complement  number  effectively  carries  a  negative  rather 
than  positive  weight  as  shown  in  the  following  Y  definition. 

Y=-yn_,  (2n-1)  +  Vn-2(2n-2)  +  Vn_3(2n-3)+  .... 
+  V0  (20) 

Booth's  algorithm  is  a  multiplication  technique  which  can 
reduce  the  number  of  operations  required  for  multiplication. 
It  operates  on  the  fact  that  a  string  of  0's  in  the  multiplier 
requires  no  additions  but  just  shifting,  and  a  string  of  1's 
in  the  multiplier  running  from  bit  weight  2r  to  weight  2s  can 
be  treated  as  2S+1-2r.  For  example,  if  Y  =  001110  (LSB  on 
right),  then  r  =  1  and  s  =  3  and  24-21  =  14.  While  the  add 
and  shift  algorithm  for  this  example  requires  three  additions 
(if  additions  are  ignored  for  Yj  =  0),  Booth's  algorithm  re- 
quires only  two  operations.  These  are  an  addition  at  weight 
2S+1  and  a  subtraction  at  weight  2r.  The  algorithm  can  be 
verbally  stated  as  follows: 

•  Examine  the  multiplier  bit  by  bit  beginning  with  the  least 
significant  bit  and  shifting  the  partial  product  relative  to 
the  multiplicand  as  each  bit  is  examined. 

•  Subtract  the  multiplicand  from  the  partial  product  when 
you  find  the  first  1  in  a  string  of  1's,  add  the  multiplicand 
to  the  partial  product  when  you  find  the  first  0  in  a  string 
of  0's  and  do  nothing  when  the  bit  is  identical  to  the 
previous  multiplier  bit. 

The  significant  features  of  this  algorithm  are  that: 

1.  It  can  require  n  operations  (compare,  add/subtract,  shift) 
for  an  n  bit  multiplier  (of  alternating  0's  and  1's)  but  it 
usually  requires  fewer  of  these  and  the  remainder  are  of 
the  type  compare,  shift  operations. 

2.  It  works  for  X  in  2's  complement  because  addition  and 
subtraction  logic  are  identical  for  unsigned  and  2's  com- 
plement numbers. 

3.  It  works  for  Y  in  2's  complement  directly,  because  if  Y 
ends  in  a  string  of  1's,  the  last  operation  will  be  a  sub- 
traction at  the  appropriate  weight. 

The  basic  algorithm  as  developed  by  Booth  is  as  follows:  yj  is 
the  i-th  most  significant  bit  of  an  n-bit  multiplier  representa- 
tion. y_-|  is  zero,  yg  is  the  least  significant  bit.  yn_i  is  the 
sign  bit.  X  is  the  multiplicand. 

Starting  with  i  =  0,  yj  and  Vj  i  are  compared: 

1.  )     If  Vi  =  yj_i;add0X. 

2.  )     If  yj  =  1  and  yj_i  =  0;    subtract  IX  (the  multi- 

plicand) from  the  partial  product.  (Add  the  2's  com- 
plement). 

3.  )     If  yj  =  0  and  yj  -j  =  1;  add  1X  to  the  partial  product. 

Two  examples  of  this  rules  are  shown  in  Figure  5. 
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Example  1: 

10  111  =  -9 
0    1  0  1  1  (0)  =  +11 





000001001  Yo=1 

00000000  Vt  t  1 

1110  111  y2  =  0 

0    0  10  0  1  y3  =  1 

10  111  y4  =  0 




v_i  =  o 
vo  =  1 

V!  =  1 
y2  =  0 

V3  =  1 


(1)1     10  0  1110  1 


=  -99 


Example  2: 


10  11 
10  0  1 


(0) 


0  0  0  0  0  1  0  1 
11110  11 
0  0  0  0  0  0 
0  0  10  1 
0  0  0  0 


vo  =  1 
V1  =  o 

y2  =  0 
y3  =  1 
V4  =  1 


(1)  0    0  0  1  0  0  0  1  1 


+35 


V_1  =  0 

vo 

V1 

V2 
V3 


=  1 

=  0 

=  0 

=  1 


Figure  5.  Examples  of  Booth's  Algorithm  for  Two's 
Complement  Multiplication. 


X  =  x-xs2n-1 

Y  =  y  -  ys  2m_1 

where 

xs  =  sigh  bit  of  X  (one  or  zero) 

ys  =  sign  bit  of  Y  (one  or  zero) 

x  =  magnitude  bits  of  X  (less  sign) 

y  =  magnitude  bits  of  Y  (less  sign) 

n  =  number  of  bits  in  X  word 

m  =  number  of  bits  in  Y  word 


For  example,  if  six  bits  are  assumed  for  X,  n  =  6  and  the  sign 
bit  has  a  weight  of  -26_1  =  -25  =  -32.  The  other  magnitude 
bits  have  their  normal  weight  and  since  there  are  five  other  mag- 
nitude bits,  they  are  2°,  21,  22,  23,  and  24.  Thus,  2's  comple- 
ment integer  numbers  for  n  =  6  bits  are  as  shown  below: 


Magnitude  bits 

Integer 
Decimal 
Number 

-25 
Sign 

24 

23 

22 

21 

20 

Equivalent 

-32 

16 

8 

4 

2 

1 

14 

0 

0 

1 

1 

1 

0 

31 
0 

0 
0 

1 
0 

1 

0 

1 
0 

1 
0 

1 

0 

-7 

1 

1 

1 

0 

0 

1 

-25 

1 

0 

0 

1  ' 

1 

1 

-32 

1 

0 

0 

0 

0 

0 

Based  on  these  rules  as  developed  by  Booth,  it  is  a  straight 
forward  process  to  make  a  table  of  desired  action  for  each  of 
the  four  possible  two-bit  combinations  under  inspection.  This 
is  shown  below.  K  is  the  partial  product  before  this  level  of  the 
algorithm  and  is  zero  initially. 

Table  of  Operation  for  Booth's  Algorithm 


Vi-1  Vi 

Function 

Partial  Product 

0  0 

1  0 

0  1 

1  1 

Do  nothing 
Add  X 
Subtract  X 
Do  nothing 

K  +  0 
K  +  X 
K  -  X 

K+0=K-0 

Note  that  when  Vj  =  0  and  add  is  required  and  when  Vj  =  1 

a  subtract  is  used.  Also,  when  y,  ®  V j  i  =  1  the  multiplicand 

is  added  (or  subtracted)  fromt  eh  running  partial  product  K 
and  when  yj  e  v i  1  =  0,  zero  is  used. 


INTEGER  MULTIPLICATION 

We  can  multiply  2's  complement  numbers  in  either  integer  or 
fractional  form.  The  primary  difference  is  in  the  thought 
process  of  the  designer.  When  the  binary  patterns  are  treated 
as  integers,  the  2's  complement  numbers  can  be  represented  as 


When  the  product  of  X  and  Y  is  considered,  the  following 
equation  results: 


i  XY  =  x5ys  2m+n-2  -  xys  2m-1 


yxs2 


n-1 


+  xy 


The  2's  complement  product  requires  m  +  n  bits  in  order  to 
represent  all  possibilities.  Note  that  there  is  only  one  con- 
dition where  the  m  +  n  bits  are  required;  that  condition  being: 


in— 1 


and  Y  =  -2 


m-1 


This  condition  gives  S  =  XY  =  2m+n  2  which  requires  m  +  n 
digits  in  a  2's  complement  signed  integer  number. 

Consider  n  =  6  and  m  =  4,  then  xs  has  weight  -32  and  ys  has 
weight  -8.  For  X  =  -32  and  Y  =  -8,  the  product  XY  is  +256. 
The  2's  complement  representation  is  0100000000.  Ten  bits 
are  required  to  properly  represent  the  2's  complement  number. 
All  other  combinations  of  values  for  X  and  Y  require  only 
m  +  n  — 1  bits  to  represent  the  2's  complement  number.  For 
n  =  6  and  m  =  4  in  this  case,  the  ninth  bit  represents  the  pro' 
duct  sign.  Consider  (+7)  x  (-31)  is  equal  to  —217  or 
100100111.  Notice  that  1100100111,  the  ten  bit  2's  comple- 
ment representation  is  identical  in  value. 

The  general  requirement  for  the  product  solution  of  XY  is: 

S  =  XY  =  s-ss  2m+n-1 

and  all  binary  operations  must  be  carried  through  m  +  n  bits 
in  the  product  soltuion  unless  a  simplification  is  assumed. 
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FRACTIONAL  MULTIPLICATION 

. 

Fractional  multiplication  is  identical  with  integer  multiplication 
but  the  notation  is  changed.  The  fractional  number  range  is 
usually  limited  to  -1  «  X  «  l-2-(n-D. 

The  fractional  2's  complement  binary  numbers  can  be 
represented  as: 

X  =  x2-(n-D-xs 
Y  =  y  2-<m-1>-ys 
K  =  k2-<P-1>-ks 

where  the  notation  is  as  with  integer  arithmetic.  The  sign  bit 
now  has  a  weight  of  —2°  =  -1  and  the  other  magnitude  bits 
have  their  normal  fractional  weight. 

Two's  complement  numbers  f or  n  =  6  are  as  shown  below. 

_20     2-1       2-2      J"3     2-4  2~5 


Fractional 
Equivalent 


14/32  =  7/16 

31/32 

0 

-7/32 
-25/32 
-32/32  =  -1 


-1       1/2       1/4       1/8       1/16  1/32 


0 
0 
0 
1 
1 
1 


0 
1 
0 

1 

0 
0 


0 

1 

0 

1 
1 

0 


The  notation  difference  in  the  fractional  representation  is  that 
all  the  integer  representations  have  been  divided  by  2<n-1>. 

The  fractional  product  XY  is 

S  =  XY  =  xsys-xsy  2— (m— 1 )  _yj  x  2-(n-1 )  +  xy  2-(m+n-2) 


Again,  m+n  bits  are  required  to  cover  all  possible  combinations. 
Note  that  X  =  -1  and  Y  =  -1  results  in  XY  =  +1  which  is  be- 
yond the  normal  range.  In  order  to  cover  this  possibility,  the 
sign  bit  should  be  given  a  weight  of  -2  (instead  of  —1);  the 
next  most  significant  bit  is  weight  +1,  the  next  is  +1/2,  and  so 
forth.  If  the  —1  times  —1  possibility  is  excluded  only  m+n-1 
bits  are  required. 


This  general  equation  requires  the  sign  bit  to  have  a  weight  of 
—2  and  all  arithmetic  to  be  carried  to  m+n  bits  to  represent 
the  two's  complement  solution. 
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THE  Am25LS14* 


By  John  Mick,  John  Springer  and  Clive  Ghest 


INTRODUCTION 

The  Am25LS14  is  a  complete  8-bit  Serial/Parallel  Multiplier 
fabricated  as  a  single  16-pin  LSI  chip.  The  device  accepts  a 
parallel  two's  complement  or  unsigned  multiplicand  and  mul- 
tiplies it  by  any  arbitrary  length  serial  two's  complement  or 
unsigned  multiplier.  The  resulting  product  is  a  correct  and 
complete  serial  two's  complement  or  unsigned  product.  The 
complete  product  of  an  8  x  8  multiplication  can  be  performed 
in  16  clock  cycles.  Any  number  of  Am25LS14  devices  can  be 
cascaded  with  no  additional  logic,  so  that  the  parallel  multipli- 
cand can  be  easily  expanded  to  any  number  of  bits.  Mixed 
signed  (two's  complement)  and  unsigned  multiplication  is 
possible,  generating  a  product  in  signed  two's-complement 
form. 

MULTIPLIER  CHARACTERISTICS 

The  requirements  for  a  good  general  purpose  IC  multiplier  for 
use  in  a  wide  range  of  commercial  applications  are  as  follows: 

It  should  be  inexpensive 
It  should  be  fast 
It  should  be  easy  to  use 
It  should  be  adaptable  to  any  word  length 
It  should  handle  signed  numbers  in  two's  complement  nota- 
tion without  correction. 

The  first  two  of  these  requirements  tend  to  be  incompatible 
and  in  the  past  have  required  two  types  of  circuits:  one  which 
was  designed  to  be  as  fast  as  possible  and  another  which 
compromised  speed  for  cost.  The  last  two  requirements  limit 
the  method  used  to  perform  the  multiplication  to  an  algorithm 
which  works  in  two's  complement  notation  and  is  the  same 
for  all  bits,  so  that  the  "sign  bit"  is  treated  identically  with  the 
other  bits. 


11    12    13.  14    2     3     4  5 

CLR  *7    Xfi  X&  X"  X3  X2  Xl  X° 

15   

Y 

10   

It  Am25LS14 

9   ■ 

M 

1  

CP 

S 

1 

6 

Vcc    -  PIN  16 

GND    -  PIN  8 

Figure  2.  Logic  Symbol  for  the  Am25LS14  (16-Pin  Device) 

The  Am25LS14  offers  an  optimum  solution  to  these 
requirements.  It  operates  by  taking  the  whole  multiplicand  in 
parallel  and  utilizing  a  single  bit  at  a  time  of  the  multiplierword 
to  form  partial  products  in  an  internal  register.  The  output  is  a 
serial  bit  stream  representing  the  product  of  the  parallel 
multiplicand  word  and  the  serial  multiplier  word. 

THE  LOGIC  FUNCTION 

A  simplified  logic  diagram  of  the  Am25LS14  Serial/Parallel 
multiplier  is  shown  in  Figure  1  and  the  16-pin  logic  symbol  for 
the  device  is  shown  in  Figure  2.  The  multiplier  consists  of  four 
basic  parts;  a  storage  register  used  to  hold  the  multiplicand 
word  during  the  multiplication,  the  adder/subtractor  logic 
containing  both  a  partial  product  register  and  a  carry/borrow 
register,  a  flip-flop  and  exclusive-NOR  gate  operating  on  the 
serial  multiplier  string  presented  at  the  Y  input  to  provide  a 


-t>> 


A5  A„  A3  A2 

ADDER/SUBTRACTOR  AND  REGISTERS 


Figure  1.  Functional  Logic  Diagram  for  the  Am25LS14 

•The  Am25LS14  is  manufactured  under  U.  S.  Patent  No.  3,878,985  issued  April  22,  1975. 
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control  signal  to  the  adder/subtractor  logic,  and  a  logic  mode 
circuit  to  alter  the  multiplicand  from  two's  complement  to 
unsigned  notation  as  controlled  by  the  M  input.  The  adder/ 
subtractor  logic  and  product  and  carry/borrow  register  is 
iterative;  that  is,  it  consists  of  eight  identical  cells  with  a 
small  change  in  the  eighth  cell  to  efficiently  incorporate  the 
multiplicand  word  sign  logic.  For  a  detailed  description  of  the 
logic  design  of  the  Serial/Parallel  multiplier,  refer  to  the 
application  note  "Mechanization  of  the  Serial/Parallel  Multi- 
plier" by  John  R.  Mick. 

Prior  to  a  multiplication,  the  internal  multiplier  sum  and  carry 
registers  are  reset  by  applying  a  LOW  to  the  clear  input.  The 
8-bit  multiplicand  data  is  applied  to  the  X  inputs  and  is 
latched  into  the  multiplicand  register  as  the  clear  input  goes 
HIGH.  This  internal  multiplicand  storage  is  useful  because  the 
multiplicand  need  not  be  held  constant  during  the  multiplica- 
tion allowing  these  inputs  to  be  bus  organized.  The  Serial/ 
Parallel  multiplier  is  now  ready  to  receive  the  first  least 
significant  multiplier  bit.  The  least  significant  bit  of  the  multi- 
plier word  is  presented  at  the  Y  serial  input  and  when  the 
clock  changes  from  LOW  to  HIGH,  the  multiplier  produces  the 
first  least  significant  product  bit  at  the  serial  data  output,  S.  In 
each  succeeding  clock  period,  the  next  more  significant  mul- 
tiplier bit  is  presented  at  the  Y  input  and  the  next  more 
significant  product  bit  is  present  at  the  S  output.  After  8  clock 
periods,  the  multiplier  serial  input  string  has  been  exhausted 
but  the  most  significant  half  of  the  product  is  still  in  the 
internal  registers  of  the  Am25LS14  Serial/Parallel  multiplier 
and  must  be  clocked  out.  If  the  multiplier  is  an  unsigned  word, 
then  during  the  extraction  of  the  most  significant  half  of  the 
product,  the  multiplier  Y  input  must  be  held  at  logic  zero.  If, 
however,  the  multiplier  is  a  two's-complement  signed  word, 
then  the  most  significant  bit  (sign  bit)  of  the  multiplier  word 
must  be  repeated  at  the  Y  input  until  the  complete  product 
has  been  obtained.  The  multiplicand  can  be  either  an  unsigned 
number  or  a  two's-complement  number  depending  upon  the 
logic  polarity  of  the  mode  input,  M.  This  mode  input  should 
be  held  at  a  LOW  logic  level  (ground)  if  the  multiplicand  is  in 
two's-complement  notation  and  the  X7  input  is  a  two's 
complement  sign  bit,  and  it  should  be  held  at  a  HIGH  logic 
level  (pulled  up  through  a  register  to  Vcc)  if  the  8-bit  multi- 
plicand is  unsigned  (magnitude  only  number). 


The  K  input  is  used  for  expansion  purposes.  To  increase  the 
length  of  the  multiplicand  word  by  using  multiple  devices,  the 
S  output  of  a  higher  order  device  is  connected  to  the  K  input 
of  the  next  lower  order  devices.  The  clear  lines  are  connected 
together  and  the  clock  lines  are  connected  together.  All  the 
mode  inputs  except  the  one  on  the  most  significant  device  are 
held  at  a  HIGH  logic  level.  Whether  the  multiplicand  is  signed 
or  unsigned  is  determined  only  by  the  M  input  of  the  most 
significant  device.  A  24-bit  by  n-bit  multiplier  is  shown  in 
Figure  3.  The  K  input  is  held  LOW  at  the  most  significant 
device  indicating  a  two's  complement  multiplicand.  The  multi- 
plier input  can  be  any  length,  with  n  +  24  clock  periods 
required  for  the  multiplication.  The  resulting  product  is  n  +  24 
bits  long. 

If  the  multiplicand  is  not  an  even  multiple  of  8  bits,  then  for 
an  unsigned  multiplicand  the  remaining  most  significant  mul- 
tiplicand inputs  are  held  LOW  at  logic  zero,  while  for  a 
two's-complement  multiplicand,  the  remaining  multiplicand 
inputs  must  be  connected  to  the  multiplicand  sign  bit  so  that 
the  sign  is  extended  and  can  be  interpreted  correctly.  Figure  4 
shows  a  12  xn  Serial/Parallel  multiplier  connection  for  a 
two's-complement  signed  multiplicand.  The  resulting  product 
is  n  +  12  bits  long  and  only  n  +  12  clock  periods  are  required 
to  generate  the  correct  product. 

The  Function  Table  for  the  Am25LS14  multiplier  operation  is 
given  in  Figure  5.  As  shown,  the  K  input  is  the  sum  expansion 
input  and  allows  for  the  cascading  of  devices.  The  mode  input, 
M,  is  used  in  conjuction  with  cascading  to  determine  the  most 
significant  bit  of  the  multiplicand  and  controls  the  multipli- 
cand sign  definition. 

TIMING 

Although  the  Serial/Parallel  multiplier  requires  only  m  +  n 
clock  periods  to  produce  a  full  length  product,  (where  m  is  the 
multiplicand  word  length  and  n  is  the  multiplier  word  length) 
a  practical  system  may  use  two  additional  clock  periods.  The 
first  additional  clock  period  is  used  to  reset  the  multiplier  at 
the  beginning  of  a  multiplication  by  using  the  clear  input.  This 
is  shown  in  the  timing  diagram  of  Figure  6.  This  clears  the 
partial  product  register,  the  carry/borrow  register  and  the 


24  BIT  MULTIPLICAND 


CLEAR  - 
CLOCK  - 


A23A22A21A20Al9A,gA,7A16 
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Y     X?    X6  X5  > 
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PRODUCT 
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Figure  3.  Three  Am25LS14's  Cascaded  to  Make  a  1-Bit  by  24-Bit  Serial-Parallel  Multiplier 
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*11AiO  *9  A8 


CLEAR  - 
CLOCK  - 


x7  x6  x5  x4  x3  X2  X1  x0 


x7  x6  x5  x4  x3  x2  X,  x0 
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Figure  4.  A  12-Bit  by  N-Bit  Two's  Complement  Multiplier  Using  Two  Am25LS14's 
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CS 
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'  L 

L 

AR 

Shift  Sum  Register 

H 

t 

L 

H 

AR 

Add  Multiplicand  to  Sum  Register  and  Shift 

H 

t 

H 

L 

AR 

Subtract  Multiplicand  from  Sum  Register  and  Shift 

H 

1 

H 

H 

AR 

Shift  Sum  Register 

H  =  HIGH 
L     -  LOW 

t  -  LOW-to-HIGH  transition 
CS  =  Connected  to  S  output 

of  higher  order  device 
OP  =  X,  latches  open  for  new 

date  (i  -  0,  7) 
AR  =  Output  as  required  per 

Booth's  algorithm 


Figure  5.  Function  Table  Showing  the  Operation  of  the  Am25LS14 


control  flip  flop,  and  loads  the  new  multiplicand  into  the  X 
holding  latch.  At  this  same  time,  the  multiplier  word  can  be 
loaded  into  a  Parallel-to-Serial  converter  (such  as  the 
Am25LS22)  ready  for  presenting  to  the  Serial/Parallel  multi- 
plier Y  input.  During  the  first  time  period  after  the  clear 


signal,  the  least  significant  bit  of  the  multiplier  is  presented  to 
the  Y  input  of  the  Am25LS14  and  in  the  next  clock  period 
the  first  bit  of  the  product.  So,  is  available  at  the  S  output  of 
the  device.  For  the  next  n-1  clock  periods,  the  multiplier  bits 
are  presented  one  at  a  time  to  the  multiplier  Y  input  and  the 
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product  bits  are  available  one  at  a  time  from  the  S  output.  For 
the  remaining  m  clock  periods,  the  Serial/Parallel  multiplier 
requires  that  either  the  most  significant  bit  of  the  multiplier 
word,  Y,  be  repeated  (two's  complement  operation)  or  a  string 
of  zeroes  be  applied  (if  the  multiplier  is  to  be  treated  as  an 
unsigned  number)  to  the  Y  input. 

It  is  possible  to  perform  an  m  +  n  multiplication  using  only 
one  additional  clock  cycle.  This  requires  that  the  clear  pulse  is 
presented  at  the  same  time  as  Yg,  the  least  significant  Y 
multiplier  bit.  Since  the  minimum  clear  pulse  width  is  20ns 
and  the  clear  recovery  time  is  18ns,  the  time  duration  must  be 
at  least  38ns  minimum  for  this  clock  period.  A  timing  diagram 
for  this  mode  of  operation  is  shown  in  Figure  7. 

Many  applications,  especially  when  using  two's  complement 
operands,  do  not  required  a  full  n  +  m  bit  product  but  only  an 
m  +  n-1  bit  product.  For  example,  if  fractional  operands  in 


the  number  range  of  -1  to  1-2-(n-1)and  -1  to  1-2-(m_1lare 
assumed,  only  the  case  of  -1  times  -1  requires  m  +  n  bits  to 
represent  the  product.  All  other  combinations  can  be  repre- 
sented correctly  in  two's  complement  notation  by  m  +  n  — 1 
bits.  That  is,  when  dealing  with  fractions,  only  one  bit  to  the 
left  of  the  binary  point  carrying  a  weight  of  -1  is  required  ex- 
cept for  the  one  special  case.  This  can  be  used  to  remove  one  ad- 
ditional clock  cycle  from  the  multiplication  process  as  shown  in 
Figure  8.  The  same  reasoning  applies  to  integer  representations 
where  the  largest  negative  numbers  are  -2(m-1>  and  -2*n~1'. 
Only  m  +  n  bits  are  required  to  handle  the  case  of  (-2'm~1') 
(-2'n_1').  All  other  products  require  only  m  +  n-1  bits  for  a 
correct  two's  complement  product.  Let's  take  an  example.  If 
m  =  4  and  n  =  3,  then  seven  bits  are  required  to  represent  (— 8)» 
(-4)  =  (+32)  in  two's  complement.  All  other  products  for  a 
3-bit  and  4-bit  multiplicand  and  multiplier  can  be  represented 
correctly  in  two's  complement  form  with  a  6-bit  representa- 
tion. 
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Figure  7.  Timing  Diagram  Showing  17  Clock  Cycle  Operation  of  8  x  8  Multiplication 
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Figure  8.  Timing  Diagram  Showing  16  Clock  Cycle  Operation  for  an  8  x  8  Multiplication 
(Assumes  a  15-Bit  Product  Representation) 
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a*f5propna?e"'number  of  least  significant  bits  (LSB's).  Unfor- 
tunately, no  clock  cycles  can  be  saved  when  truncating 
because  the  product  is  being  developed  LSB  first.  Therefore, 
the  truncated  bits  are  the  first  bits  out  of  the  Am25LS14 
multiplier.  The  subsystem  must  be  clocked  the  total  number 
of  times  (m  +  n)  to  develop  the  two's  complement  product. 
This  does  have  the  advantage  of  saving  register  bits  to  hold  the 
product  from  the  device. 

To  date,  the  recommended  method  of  rounding  is  to  use  one- 
fourth  of  an  Am25LS15  to  perform  rounding.  This  technique 
involves  adding  a  one  at  the  bit  prior  to  the  LSB  of  the  final 
product  using  one  input  of  the  Am25LS15.  The  product  from 
the  multiplier  is  connected  to  the  other  input.  This  does  re- 
quire one  extra  clock  cycle  to  implement  rounding.  This 
technique  works  for  any  combination  of  multiplicand  bits, 
multiplier  bits  and  desired  product  bits. 

APPLICATIONS 

Eight-Bit  by  Eight-Bit  Multiplier 

A  circuit  which  generates  a  16-bit  product  from  an  8-bit  by 
8-bit  multiplication  is  depicted  in  Figure  9.  This  sub-system 
consists  of  one  Am25LS14  serial/parallel  multiplier  and  two 
Am25LS22  8-bit  registers.  This  configuration  accepts  an  8-bit 
multiplicand  and  an  8-bit  multiplier  from  an  8-bit  data  bus.  It 
will  return  a  16-bit  product  (8-bit  upper  byte  and  8'bit  lower 
byte)  using  the  same  8-bit  bus. 

The  Am25LS22  is  an  8-bit  register  designed  for  performing 
various  functions  with  the  Am25LS14.  It  can  be  used  to  hold 
the  multiplier  word  initially,  perform  the  sign-extend  function 
and  then  hold  part  of  the  product.  It  has  separate  serial 
input/output  capability  as  well  as  shared  parallel  input/outputs. 
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Thus,  such  an  arrangement  can  be  used  with  any  of  the  popular 
8-bit  MOS  microprocessors  such  as  the  8080,  6800,  2650,  F8 
and  others.  This  allows  the  multiplication  to  be  performed 
outside  of  the  MOS  microprocessor  with  about  two  to  three 
orders  of  magnitude  improvement  in  speed. 

Referring  to  the  timing  sequence  of  Figure  10,  the  multiplier 
word  is  loaded  into  the  Am25LS22  register  at  time  Tj  and 
the  multiplicand  word  is  loaded  in  the  Am25LS14  latches 
during  time  T-|.  The  multiplicand  and  multiplier  words  must 
be  loaded  in  this  order  since  there  is  no  hold  function  on  the 
Am25LS14  multiplier. 

During  time  T2  through  T10.  the  least  significant  product  bits 
are  generated  and  clocked  into  holding  register  B.  Meanwhile 
the  multiplier  sign  bit  is  being  extended  in  Register  A.  The 
sign  extend  is  performed  only  for  the  eight  clock  cycles  T2 
through  Tg.  During  time  T-|  1  through  Tis,  the  most  significant 
8-bits  of  the  product  are  developed  in  the  Am25LS14  multi- 
plier. T8  is  used  to  load  the  product  sign  bit  from  the  mul- 
tiplier into  the  Am25LS22  B  register.  During  the  time  T-j 
through  Tg,  the  least  significant  half  of  the  product  is  trans- 
ferred from  register  B  to  register  A.  The  remaining  two  clock 
cycles,  T19  and  T20  are  used  to  unload  the  product  upper  and 
lower  byte  back  onto  the  8-bit  data  bus. 

The  control  signals  required  for  this  multiplier  are  shown  in 
Figures  9  and  10.  Notice  that  the  clear  input  to  the  Am25LS14 
and  the  Serial/Parallel  (S/P)  input  to  the  Am25LS22  can  be 
connected  together  with  the  appropriate  don't  cares  elim- 
inated. Other  control  signals  to  the  Am25LS22  include  the 
register  enable  (RE),  sign  extend  (SE),  and  the  three-state 
control  (OE).  These  signals  can  be  generated  using  a  counter 
and  combinatorial  logic  gates  or  a  counter  and  small  PROM. 
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Figure  9.  An  8-Bit  by  8-Bit  Multiplier  with  a  Full  16-Bit  Product  Store. 
The  Inputs  and  Outputs  are  Bus  Organized  on  an  8-Bit  Bus 
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Figure11.  Complex  Arithmetic  Multiply  Pc  =  (ARBR  -  A|B| )  +  j(AR B|  +  A|BR ) 
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COMPLEX  ARITHMETIC  MULTIPLIER 

The  Am25LS14  serial/parallel  multiplier,  the  Am25LS15 
adder/subtractor,  and  the  Am25LS22  eight-bit  register  can  be 
used  to  perform  rapid  multiplication  in  complex  arithmetic 
processors.  In  complex  arithmetic  notation,  each  variable  is 
assumed  to  have  a  real  part  and  an  imaginary  part.  Thus, 
complex  variables  Ac  and  Bc  may  be  represented  as: 

AC  =  AR  +  iAl 


The  product  of  Ac  and  Bc  is,  of  course, 
where: 

PC  =  PR  +  iP|  =  Ac  Bc 
PC  =  (AR  +  jA,)  (BR  +jB|) 
Pc  =  (ArBr  -A,B|)  +  jIArB,  +  A,Br) 


rod 

ict  F 

From  this  discussion,  the  real  and  imaginary  values  of  the 
product  Pc  are  readily  identified.  These  are: 

PR  =  ArBr  -A|B| 

P|  =  ARB|  +  A|BR 


The  circuitry  required  to  implement  this  complex  multiplier 
is  shown  in  Figure  11.  In  this  example,  the  real  and  imaginary 
values  of  the  Ac  variable  are  loaded  into  the  two  Am25LS22 
registers.  The  real  and  imaginary  values  of  the  Be  variable  are 


loaded  into  the  latches  of  the  Am25LS14.  This  loading  of  the 
data  could  be  performed  simultaneously  using  all  four  inputs 
Ar,  A|,  Br  and  B|  or  it  could  be  performed  sequentially 
using  a  pair  of  inputs  or  a  single  input  at  a  time. 

Once  the  incoming  Ac  and  Be  data  have  been  loaded,  the 
devices  are  clocked  such  that  the  four  intermediate  products 
are  formed  as  shown  in  Figure  11.  Then,  two  of  the  four 
adder/subtractors  in  the  Am25LS15  are  used  to  complete 
the  generation  of  real  product  term  PR  and  the  imaginary 
product  term  P| . 

These  product  terms  Pr  and  P|  can  be  loaded  into  four  addi- 
tional Am25LS22  registers  to  hold  the  double  length  product 
terms  Pr  and  P|  (assume  least  significant  bit  truncation). 
After  the  complex  multiplication  has  been  completed,  the 
Pr  and  P|  variables  can  be  returned  to  the  processor,  memory 
or  other  destination  by  using  the  parallel  bus  outputs  of  the 
Am25LS22. 


OTHER  APPLICATIONS 

Other  examples  of  applications  using  the  Am25LS14  as  well 
as  the  Am25LS15  and  Am25LS22  are  shown  in  Figures  12 
through  15.  Each  of  these  applications  is  intended  to  give  the 
design  engineer  a  new  approach  to  solving  numerical  problems 
involving  digital  multiplication. 


XB  (8- BITS) 


Four  Am25LS14's  can  be  used  to  implement  the  product  of  five  variables  Y,  XA,  XB,  Xc 
and  XD.  If  each  input  variable  is  eight  bits,  a  40-bit  product  results  and  the  multiplier  array 
must  be  clocked  40  times.  This  requires  the  8-bit  Y  variable  to  be  sign  extended  for  32 
additional  clock  cycles. 


Figure  12.  Multiple  Operand  Multiplications 
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FUNCTION 

NOTES 

1 

P  = 

X 

Y  +  Y        =  Y  (X  +  1) 

'LSI 5  in  add  mode 

2 

P  = 

X 

Y  -  Y        =Y  (X  -  1) 

'LS15  in  subtract  mode 

3 

P  = 

X 

Y  +  Y  +  1   =  Y  (X  +  1)  +  1 

'LS1  5  is  subtract  mode  for 
clear  and  add  mode  for  multiply 

4 

P  = 

Y 

-  X  •  Y        =  Y  (1  -  X) 

'LS15  A  &  B  inputs  reversed 

One  Am25LS14,  Am25LS15  and  Am25LS22  can  be  used  to  perform  several  arithmetic 
functions.  Four  such  functions  are  shown  above.  All  use  a  product  equal  to  the  multiplicand 
times  the  multiplier  in  combination  with  a  function  of  the  multiplier.  Additional  combina- 
tions are  possible,  especially  if  more  flip-flops  are  used  to  change  the  relative  weight  of  the 
multiplier  or  product  function. 


Figure  13. 
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A  12-bit  by  8-bit  unsigned  multiplication  is  performed  by  tying  the  four  most  significant 
multiplicand  bits  LOW  to  logic  zero.  The  Am25LS22  is  loaded  with  the  8-bit  unsigned 
multiplier.  As  the  multiplier  is  shifted,  a  "zero-fill"  is  accomplished  using  the  D/^  input  on 
the  Am25LS22.  Note  the  MSB  M-input  is  HIGH  on  the  most  significant  Am25LS14. 


Figure  14. 
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One  Am25LS14  and  Am25LS22  can  be  used  to  perform  the  function  A2  on  an  input  vari- 
able A.  The  8-bit  value  for  A  is  loaded  into  the  Am25LS22  register  in  serial  form  using  the 
Da  input.  Once  loaded,  the  A  value  can  be  transferred  to  the  Am25LS14  multiplicand 
latches  via  the  DY,  outputs.  Then  the  product  of  AA  is  formed  resulting  in  A2  at  the 
Am25LS14  output. 


Figure  15. 
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MECHANIZATION  OF  THE  Am25LS14 
SERIAL/PARALLEL  MULTIPLIER 

By  John  R.  Mick 


The  Am25LS1 4  Serial/Parallel  Multiplier  uses  Booth's  algorithm 
to  give  the  correct  two's  complement  product  without  the  need 
of  post  multiplication  correction.  The  algorithm  requires  that 
two  bits  of  the  multiplier  are  examined  at  each  time  period. 
These  bits  are  ya,  the  multiplier  bit  at  the  present  time  ta,  and 
ya_1 ,  the  multiplier  bit  at  the  previous  time  ta_i .  The  assump- 
tion is  made  that  at  each  time,  ta,  it  is  the  last  multiplier  bit 
in  the  word  and,  therefore,  it  carries  a  negative  weight;  if  it  is 
a  logic  one,  a  subtraction  takes  place  at  this  weight.  If  this 
was  not  the  last  bit  in  the  word,  a  correction  takes  place 
during  the  next  time  period.  The  logic,  therefore,  not  only  has 
to  examine  the  multiplier  bit  ya  in  the  current  time  but  also 
the  previous  ya_i  in  order  to  discover  whether  a  correction  is 
necessary. 

The  algorithm  is  performing  the  function: 
n-1 

S=  ZX  iya  <-2a)  +  ya_i  (2a"1)l 
a=0  1  1 

where:  S  =  the  product  X  •  Y, 
X  =  the  multiplicand 
ya  =  the  current  multiplier  bit 
Va-1  =  the  previous  multiplier  bit 
-2a  =  two's  complement  weight  of  the  current 
multiplier  bit 
+2^-1  =  two's  complement  weight  of  the  previous 
multiplier  bit 

n  =  total  number  of  bits  in  the  multiplier 

Obviously,  if  at  ta,  ya  is  a  one  and  X  is  positive,  then  S  is 
negative.  If  X  is  negative,  then  S  is  positive  for  ya  =  1  at  a  =  n-1 
which  is  exactly  what  is  required  at  the  last  bit  operation 
during  a  two's  complement  multiplication. 

The  four  possibilities  of  yaya_i  give  the  following  requirements 
in  order  to  satisfy  Booth's  algorithm. 

VaVa-1  Function 

0     0         No  arithmetic  operation.  Shift  partial  product  rela- 
tive to  multiplier. 

0  1         Add  multiplicand  to  partial  product,  S,  and  shift 

new  partial  product. 

1  0         Subtract  multiplicand  from  partial  product,  S,  and 

shift  new  partial  product. 
1     1  No  arithmetic  operation  (perform  correction  by 

executing  both  add  and  subtract  of  equation  1). 
Shift  partial  product  relative  to  multiplier. 

The  last  entry  with  yaya_i  =  1,  1  is  made  up  of  an  addition 
and  a  subtraction  of  the  multiplicand  at  weights  offset  by  2. 
This  is  used  to  perform  the  correction  associated  with  the 
previous  iteration  where  y3  was  also  a  logic  1  and  given  nega- 


tive weight.  Since  a  shift  has  now  taken  place,  the  addition  of 
(Xya_i2a~1)  cancels  the  previous  subtraction  of  -Xya2a  be- 
fore the  shift  and  has  the  effect  of  extending  the  sign  of  the 
running  partial  product. 

IMPLEMENTING  THE  CARRY 

The  next  consideration  in  the  Am25LS14  Serial/Parallel  Mul- 
tiplier is  the  carry  scheme  to  be  used  for  the  arithmetic  section. 
Since  an  essential  characteristic  of  the  design  is  a  very  high 
processing  rate,  the  carry  scheme  must  have  as  few  a  number 
of  gate  delays  as  possible.  There  are  many  look-ahead  carry 
schemes  but  they  all  suffer  from  two  problems.  The  carry 
network  becomes  increasingly  complex  as  the  word  length  is 
increased  and  in  any  practical  scheme,  additional  delay  is  in- 
curred for  longer  word  lengths.  What  is  required  is  a  method 
where  the  carry  delay  is  short  and  independent  of  the  word 
length  of  the  multiplicand. 

One  method  of  obtaining  this  result  is  called  a  "stored  carry 
adder"  and  is  particularly  suited  to  serial/parallel  arithmetic. 
The  concept  is  straightforward  but  is  complicated  in  the 
Am25LS14  because  not  only  are  carries  generated  but  also 
borrows.  (It  assists  understanding  if  these  borrows  are  treated 
as  negative  carries.)  In  the  stored  carry  scheme,  when  an  addi- 
tion (or  subtraction)  takes  place,  instead  of  the  carry  (borrow) 
being  presented  to  the  next  arithmetic  stage  so  as  to  affect  the 
next  sum  bit  and  be  used  to  generate  the  carry  at  that  stage  for 
the  next  stage,  the  carry  is  stored  in  a  flip-flop  at  the  same 
stage  and  incorporated  into  the  arithmetic  at  the  next  time 
iteration  of  the  addition  (subtraction). 

A  combinatorial  design  of  an  MSI  Serial/Parallel  Multiplier 
is  shown  in  Figure  1.  The  inputs  to  the  Am25LS181  adder/ 
subtractor  are  the  partial  product  and  the  multiplicand.  The 
multiplicand  is  gated  by  a  function  of  the  yaya_i  multiplier 
bits  by  using  the  mode  control  of  the  Am25LS181.  The  sum 
or  new  partial  product  out  of  the  'LS181  adder/subtractor  is 
shifted  one  place  down  and  stored  in  the  next  lower  stage 
partial  product  register  made  up  of  the  Am25LS174's.  In  each 
adder  stage,  the  generated  carry  goes  to  the  next  higher  adder 
stage  internally. 

The  stored  carry  concept  is  shown  in  Figure  2.  Here,  the  inputs 
to  the  full  adder  are  the  partial  product,  the  multiplicand 
gated  by  the  yaya_i  and  the  previously  stored  carry  generated 
at  the  same  stage  during  the  previous  cycle.  The  outputs  of  the 
full  adder  are  the  sum  which  is  stored  in  the  sum  partial 
product  flip-flop  at  the  next  lower  stage  and  the  carry  which 
is  stored  in  the  carry  flip-flop  at  the  same  stage  and  is  not 
shifted  down.  The  stored  carry  concept  uses  an  additional 
flip-flop  per  multiplicand  bit  compared  to  the  standard  MSI 
approach,  but  the  delay  between  consecutive  clock  pulses  is 
short  and  remains  the  same,  independent  of  the  number  of 
stages.  In  the  MSI  approach,  the  total  propagation  delay  is  a 
function  of  the  length  of  the  Am25LS181  adder  network. 
It  is  possible  to  have  a  combination  of  combinatorial  carry 
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Figure  1.  An  MSI  Implementation  of  the  Serial/Parallel  Multiplier  Algorithm 
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Figure  2.  This  Carry  Save  Cell  Could  Be  Used  in  a  Shift  and  Add  Algorithm  for  a  Serial/Parallel  Multiplication 
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and  stored  carry  by  storing  every  second  or  fourth  carry 
generated  and  so  on.  However,  the  best  compromise  between 
delay  and  complexity  appears  to  be  satisfied  in  low-power 
Schottky  technology  by  incorporating  an  extra  carry  flip-flop 
at  each  multiplicand  stage  and  storing  the  carry  for  each 
full  adder. 

UNDERSTANDING  THE  ITERATIVE 
CELL  OF  THE  Am25LS14 

In  order  to  fully  understand  the  iterative  cell  of  the  Am25LS14, 
it  is  necessary  to  view  the  cell  block  diagram  of  Figure  2.  What 
is  desired  is  to  define  the  logic  operation  of  the  multiplicand 
enable  gate  and  the  full  adder/subtractor.  From  the  develop- 
ment of  Booth's  algorithm,  it  has  been  shown  that  yn  and  y_-| 
(ya  and  ya_i  respectively)  control  the  add/subtract  function 
as  well  as  the  pass  multiplicand/pass  zero  function.  The  full 
adder/subtractor  and  control  gate,  therefore,  must  have  y0, 
y_1  and  x,  as  inputs.  Also,  the  carry  saved  from  the  previous 
iteration  is  an  input,  Cj,  as  well  as  the  sum  bit,  S-„  from  the 
previous  iteration.  The  adder/subtractor  must  generate  a  new 
sum  bit,  So,  and  a  new  carry  /borrow  bit,  Cq. 

For  any  multiplication,  there  is  only  one  value  of  x,  at  each 
cell.  That  is,  Xj  is  either  a  logic  1  or  a  logic  0.  Thus,  each  case 
for  x,  can  be  treated  separately.  Let  us  assume  that  x,  =  0  as 
the  input  to  cell  shown  in  Figure  2.  It  is  soon  recognized  that 
based  on  Booth's  algorithm,  the  required  operation  is  add 
nothing,  subtract  nothing  or  do  nothing.  Thus,  if  the  carry 
flip-flop  is  reset  initially,  the  only  possible  logic  1  into  the 
cell  is  at  the  Sj  input  since  X|  =  0  and  Cj  =  0  initially.  This 
results  because  the  value  at  both  the  B  and  C  inputs  to  the 
adder/subtractor  are  always  zero.  Therefore,  the  carry  flip- 
flop  can  never  be  set  to  a  one  because  the  carry  out  is 
always  zero.  Thus,  So  is  always  set  equal  to  the  value  at  B  and 
the  cell  executes  a  simple  pass  function.  This  is  shown  in  the 
top  16  states  of  Table  I.  Table  I  shows  all  the  combinatorial 
output  states  of  the  adder/subtractor  as  a  function  of  the  five 
input  variables  to  the  cell;  these  are  Xj,  y0,  y_i ,  Sj  and  Cj. 

The  more  interesting  case,  obviously,  is  the  condition  where 
the  Xj  input  is  a  logic  1  for  the  multiplicand  bit  at  this  cell. 
The  easiest  way  to  explain  this  case  is  to  view  the  last  16 
states  of  Table  I.  This  should  result  in  considerable  misunder- 
standing not  to  mention  the  initial  frustration. 

Let's  try  to  take  this  table  apart  and  make  some  sense  out  of 
it.  First  of  all,  remember  that  due  to  the  operation  of 
Booth's  algorithm,  additions  and  subtractions  must  be  inter- 
leaved. Two  additions  or  two  subtractions  cannot  be  sequential. 
This  is  an  extremely  important  key  in  understanding  the  cell 
operation. 

In  Table  I,  notice  that  states  16  through  19  execute  a  do 
nothing  based  on  Booth's  algorithm  since  y0  =  0  and  y_-|  =  0. 
Likewise,  states  20  through  23  execute  an  add  the  multipli- 
cand to  the  running  partial  product  since  yo  =  0  and  y_i  =1. 
States  24  through  27  requires  the  multiplicand  to  be  sub- 
tracted from  the  running  partial  product  and  states  28  through 
31  are  also  do  nothing.  It  is  essential  to  observe  that  only 
one  time  cycle  can  be  spent  in  states  20  through  23  or  24 
through  27.  This  is  because  two  additions  or  subtractions 
cannot  be  sequential.  Also,  certain  states  result  in  definite 
possible  state  transitions  depending  on  the  new  ynyi  value. 
For  example,  state  24  can  only  lead  to  states  21,  23,  29  or  31. 
State  23  can  only  go  to  states  16,  18,  24  or  26  on  the  next 
cycle  and  so  forth.  However,  once  in  states  16  through  19, 
you  can  remain  in  states  16  through  19  indefinitely,  and  once 
in  states  28  through  31  you  can  remain  in  states  28  through 
31  indefinitely. 


So  what?  After  careful  scrutinization,  it  will  be  realized  that 
the  sum.  So,  and  carry,  Cq,  outputs  of  the  adder/subtractor 
cell  of  Figure  2  can  only  represent  the  function  of  the  block 
if  the  following  is  true: 

•  To  define  the  operation  of  states  16  through  23,  the  So 
output  is  weight  1  and  Cq  is  weight  2. 

•  To  define  the  operation  of  states  24  through  31,  the  Sq 
output  is  weight  1  and  Cq  is  weight  -2. 

This  results  in  the  carry/borrow  definition  for  the  adder/sub- 
tractor. Remembering  that  the  running  partial  product  is 
shifted  before  the  next  cycle,  the  Cj  input  of  the  full  adder/ 
subtractor  is,  of  course,  at  weight  +1  or  -1  after  the  shift. 
Once  Table  I  is  accepted,  all  that  remains  is  to  generate  the 
required  logic  for  the  cell.  That  is,  the  logic  equations  for  So 
and  Cq.  Simply  stated,  the  equations  for  the  adder/subtractor 
cell  are  as  follows: 

S0  =SiffiCis>  [Xj  (y_,  ey0)l 

C0  =  (SjSsy0)  [Cj  e  Xj  (y0ey.,)] 

These  are  the  equations  implemented  in  each  cell  of  the 
Am25LS14  with  a  slight  modification  to  the  MSB  cell. 


Table  I 

Function  Table  for  an  Am25LS14  Cell 


State 

Xj 

Y0 

V-1 

Si 

Cj 

So 

Co 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

2 

0 

0 

0 

1 

0 

1 

0 

3 

0 

0 

0 

1 

1 

4 

0 

0 

1 

0 

0 

0 

0 

5 

0 

0 

1 

0 

1 

6 

0 

0 

1 

1 

0 

1 

0 

7 

0 

0 

1 

1 

1 

8 

0 

0 

0 

0 

0 

0 

9 

0 

0 

0 

1 

10 

0 

0 

1 

0 

1 

0 

11 

0 

0 

1 

1 

12 

0 

1 

0 

0 

0 

0 

13 

0 

1 

0 

1 

14 

0 

1 

1 

0 

1 

0 

15 

0 

1 

1 

1 

16 

0 

0 

0 

0 

0 

0 

17 

0 

0 

0 

1 

1 

0 

18 

0 

0 

1 

0 

1 

0 

19 

0 

0 

1 

1 

0 

1 

20 

0 

1 

0 

0 

1 

0 

21 

0 

1 

0 

1 

0 

0 

22 

0 

1 

1 

0 

0 

1 

23 

0 

1 

1 

1 

1 

0 

24 

0 

0 

0 

1 

1 

25 

0 

0 

1 

0 

0 

26 

0 

1 

0 

0 

0 

27 

0 

1 

1 

1 

0 

28 

1 

0 

0 

0 

0 

29 

1 

0 

1 

1 

1 

30 

1 

1 

0 

1 

0 

31 

1 

1 

1 

0 

0 
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Figure  3. 


LOGIC  DIAGRAM 

A  full  logic  depiction  of  the  Am25l_S14  is  shown  in  Figure  3. 
Each  of  the  seven  least  significant  cells  of  the  device  are 
identical.  These  are  the  cells  shown  as  stage  0  through  stage  6. 


Only  the  eighth  (MSB)  cell  (stage  7)  has  a  modification  to 
handle  the  Mode  (M)  and  expansion  (K)  inputs  to  allow  cas- 
cading. Also,  the  sum  flip-flop  output  is  connected  to  the 
opposite  side  compared  to  the  other  cells. 
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HOW  TO  MULTIPLY  AND/OR  DIVIDE 
IN  TWO'S  COMPLEMENT  HARDWARE 

By  Roy  Levy 


A  question  that  is  asked  of  our  application  group  almost  daily 
is  "How  do  I  multiply  and  divide  in  two's  complement  hard- 
ware". AMD  has  designed  a  family  of  integrated  circuits  to 
aid  systems'  and  subsystems'  designers  in  solving  some  of  the 
complicated  arithmetic  problems.  These  circuits  are: 

•  Am25S05  -  Schottky  Four-Bit  by  Two-Bit  Two's  Com- 
plement Multiplier.* 

•  Am2505  -  TTL  Four-Bit  by  Two-Bit  Two's  Comple- 
ment Multiplier. 

•  Am25L05  -  Low-Power  Four-Bit  by  Two-Bit  Two's 
Complement  Multiplier. 

•  Am2503  —  Successive  Approximation  Register. 

•  Am25L03  -   Low-Power  Successive  Approximation 
Register. 

•  Am25LS22  -  Eight-Bit  Serial/Parallel  Register  with  Sign 
Extend. 

•  Am25LS14  -  Eight-Bit  Serial/Parallel  Two's  Comple- 
ment Multiplier. 

•  Am25LS15  -  Quad  Serial  Adder/Subtractor. 

The  problem  of  two's  complement  multiply  can  be  solved 
using  AMD  devices  in  either  of  two  ways  dependent  on  speed 
requirements.  One  is  by  using  the  Am25LS14  and  performing 
a  serial  by  parallel  multiply  and  iterating  the  algorithm  through 
all  "Y"  bits  of  the  serial  multiplier  word  (see  Figure  1).  This 
particular  solution  assumes  the  use  of  an  eight-bit  data  bus 
and  loads  an  eight-bit  multiplicand'into  Am25LS14  in  two's 
complement  notation  and  an  eight-bit  multiplier  into  the  first 
Am25LS22.  After  17  clock  cycles,  the  16-bit  product  will  be 
forced  into  the  two  8-bit  Am25LS22  registers. 

The  second  and  faster  method  of  two's  complement  multi- 
plication is  that  of  Figure  2.  This  method  employs  the  use  of 
the  Am25S05.  The  connection  symbology  will  be  seen  in 
Figure  3.  This  implementation  can  be  modified  for  speed  or 

•Further  applications  of  The  Am25S05  are  shown  in  "The  Am25S05. 
Am2505  and  Am25L0G  2's  Complement  Digital  Multipliers"  appli- 
cation note  contained  in  the  Advanced  Micro  Devices'  Schottky  and 
Low-Power  Data  Book. 


power  by  substituting  the  Am2505  or  Am25L05  for  the 
Am25S05;  Table  A  shows  a  comparison  of  power  and  speed 
for  these  devices.  Table  B  shows  the  trade-off  when  applied 
to  a  multiplier  array.  Rearranging  the  inputs  allows  for 
multiply  in  a  modified  number  system;  i.e..  Sign-magnitude 
or  two's  complement  by  one's  complement  (see  Figures  3  and 
4). 

Division  can  be  accomplished  by  using  the  recursion  algorithm 
(or  trial  and  error).  In  this  method  (Figure  5),  a  trial 
quotient  is  formed  and  the  product  of  the  trial  quotient  and 
division  is  tested  against  the  actual  dividend  and  the  result 
(sign)  noted.  If  the  sign  is  positive,  the  MSB  quotient  is  set  to 
a  one;  if  not,  a  zero  is  stored.  This  procedure  is  repeated  for 
all  bits  of  the  desired  quotient-MSB  first,  LSB  last.  The 
output  of  this  divide  is  available  in  serial  or  in  parallel  form. 
Specifically,  the  divisor,  dividend  and  trial  quotient  are  all 
treated  as  two's  complement  numbers.  Note  that  the  first 
trial  vlaue  is  integer  —1.  The  operations  performed  are: 

For  O-S,  the  sign  digit  of  the  quotient: 
D 

If  D7  =  0  and  -  j<p,  Set  Qs  =  0  Otherwise  Qs  m  1 
D 

If  D7  =  1  and  -  -<P,  Set  Qs  =  1  Otherwise  Qs  =  0 

For  the  remaining  quotient  digits: 

If  D7  =  0  and  Tj-1  D+2  <  p  Set  Qj  =  I  otherwise  Qj  =  0 

If  D7  =  1  and  Tj_i  D+E  <  p,  Set  Qj  =  0  otherwise  Qj  =  1 
where  Tj  is  the  i  th  trial  value  held  in  the  SAR. 

Since  the  complement  of  the  most  significant  bit  of  the  reg- 
ister is  used  rather  than  the  true  output  so  that  resetting  the 
register  presents  -1  to  the  multiplier  array,  the  change  in 
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Figure  1.  Bus  Oriented  8-Bit  x  8-Bit  Multiplier  with  16-Bit  Product. 
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Figure  2.  8  x  8  Multiplication  Array  for  2's  Complement  Numbers.  Both  the  Actual  Connection  Diagram 
and  System  Block  Diagram  are  Shown. 
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How  to  Multiply  And/Or  Divide 


RgUre3. 

CONNECTION  DIAGRAMS 

Within  this  Appendix,  the  symbol  shown  at  left  below  is  used  to  represent  the  Am25S05,  Am2505,  or 
Am25L05.  The  symbol  at  left  should  be  interpreted  as  equivalent  to  the  symbol  at  right. 

 MM 

ACTIVE  HIGH 
'65431      19  IB  17  16 

1  1  II  1  1    1  1  II 

?3  

»  1  "0  "1  "2  '3  M    *C  fc1  *?  fc3 

?1  

'   '  Am2SS05 

*°  4«? 

1        2's  COMPLEMENT 

1  

?n — 0 

F,             MULTIPLIER  Cn-4 

— 13 

*     So    S,    Sj    Sa    S4  ^ 

1  II  II  1 

MINI 

ft       9      TO     11      14  IE. 

Table  A-1  is  a  summary  of  the  typical  switching  characteristics  for  each  path  through  the  multiplier. 

TABLE  A 

TYPICAL  SWITCHING  CHARACTERISTICS 

^tpHL  +  tPLH^ 

PATH 

Am25S05 

Am2505 

Am25L05  UNIT 

Cn to  Cn+4 
Cn  to  S03 

8.5 
11.0 

13.5 
16.5 

32.5 
36.0 

ns 
ns 

Cn  to  S45 

14.0 

19.5 

44.0 

ns 

k  to  Cn+4 

8.25 

13.5 

31.0 

ns 

k  to  S03 

11.5 

16.5 

36.5 

ns 

k  to  S45 

14.0 

21.5 

51.5 

ns 

X  to  Cn+4 

17.5 

21.0 

63.5 

ns 

X  to  So3 

21.0 

25.0 

70.0 

ns 

X  to  S45 

22.5 

29.5 

85.0 

ns 

Y  to  Cn+4 

21.5 

33.0 

75.0 

ns 

Y  to  S03 

23.0 

35.0 

83.5 

ns 

Y  to  S45 

25.0 

38.5 

93.5 

ns 

lcc(TYP.) 

120 

90 

30 

mA 
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TABLE  B 

TYPICAL  SPEED  &  POWER 
FOR 

TWO'S  COMPLEMENT  MULTIPLICATION 

ARRAY  SIZE  Am25S05 

Am 2505 

Am25L05 

Y«X 

#                                brbbU  rUWtn 

SPEED 

POWER 

brEED 

POWER 

DEVICES                       ns  WATTS 

ns 

WATTS 

ns 

WATTS 

4x4 
4x8 

2                              39          1 .2 
4                              55  2.4 

60 
83 

0.9 
1 .8 

■ 

145 
186 

0.3 
0.6 

4x12 

8                              64  4.8 

96 

3.6 

219 

1.2 

8x8 
8x12 

8                              76  4.8 
12                              94  7.2 

115 
143 

3.6 
5.4 

262 
320 

1.2 
1.8 

8x16 

16                             102  9.6 

156 

7.2 

353 

2.4 

12x12 

18                             115  10.8 

175 

8.1 

396 

2.7 

12x16 

24                             132  14.4 

203 

10.8 

454 

3.6 

12x20 

30                             141  18.0 

216 

13.5 

487 

4.5 

16x16 

32                             153  19.2 

235 

14.4 

530 

4.8 

16x20 

40                             171  24.0 

263 

18.0 

588 

6.0 

16x24 

48                             179  28.0 

276 

21.6 

621 

7.2 

20x20 

50                             192  30.0 

295 

22.5 

664 

7.5 

20x24 

60                            209  36.0 

323 

27.0 

722 

9.0 

20x28 

70                            218  42.0 

336 

31.5 

755 

10.5 

24x24 
24x28 

84                             248  So 

355 
383 

32.4 
36.0 

798 
856 

10.8 
12.0 

24x32 

96                             256  52.8 

396 

39.6 

889 

13.2 

28x28 

98                             269  54.0 

415 

40.5 

932 

13.5 

28x32 

112                             286  62.4 

443 

46.8 

990 

15.6 

32x32 

128                            307  72.0 

475 

54.0 

1066 

18.0 

NOTE: 

With  Curry's  Interchanged  to  Reverse  Speed. 

algorithm  between  the  sign  bit  and  the  rest  of  the  bits  is 
automatically  taken  care  of. 

The  D/2  factor  in  the  equations  is  used  to  round  off  the 
quotient.  A  double  length  dividend  is  assumed.  The  Am9324 
comparator  array  is  wired  for  a  two's  complement  comparison 
with  the  sign  digit  of  the  product  and  dividend  crossed  over, 
the  divident  sign  bit  forming  part  of  the  multiplier  word  and 
the  product  sign  bit  forming  part  of  the  dividend  word. 

It  is  evident  that  the  divider  can  be  used  as  either  a  divider  or 
a  multiplier  (Figure  6)  by  substituting  the  inputs,  outputs  and 
providing  buffering.  The  required  control  function  is  subject 
to  the  specific  usage.  Figure  7  indicated  the  application  with 
bus-oriented  computers  such  as  Am9080A,  8080A,  6800, 
etc.  To  achieve  this  configuration,  it  will  be  necessary  to  add 
storage  registers  and  three-state  drivers.  As  most  machines  are 
clocked,  the  Divisor/Multiplier  and  dividend  registers  must  be 


provided  to  retain  this  data  for  the  period  of  operation.  In 
order  to  avoid  interference  with  the  bus  structure,  all  replies 
must  be  isolated  from  the  data  bus  until  requested  by  the 
machine  (CPU).  Certain  exceptions  can  be  made  if  the  sys- 
tem will  tolerate  a  temporary  clock,  stoppage  while  the 
multiplier/divider  is  operating.  Although  the  operation  is  fast, 
timing  consideration  must  be  factored.  The  slowest  operation 
(divide)  will  produce  results  in  16  clock  pulses  after  comple- 
tion of  the  loading  and  statusing  operations.  The  typical 
sequence  is  as  follows: 


Multiply  Sequence 

1.  Load  status 

2.  Load  multiplicand 

3.  Load  multiplier 

4.  Sequence  *  four  clocks 

5.  Read  LSB  product 

6.  Read  MSB  product 


Divide  Sequence 

1 .  Load  status 

2.  Load  LSB  dividend 

3.  Load  MSB  dividend 

4.  Load  divisor 

5.  Sequence  ^12  clocks 

6.  Read  quotient 
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„X 

2  x 

3  « 

4  * 

5  X 

6 

x? 

L_ 

-5. 

t  T  IT  T  J  T  IT 

1 

Yo  

y0 

1  " 

2  "3  X 

4  x5  Xg  X7  Kq        <2  K3  K4  Kg   Kg  K? 

Y2  

Y3  

Y4  

Y5  

Y2 
"3 
Y4 
v5 

8x8  MULTIPLICATION 
ARRAY 

Y6  

Y6 

(REFERENCE  FIGURE  A-1) 

r 

Y; 
A0  A,  C 

2  * 

3  ' 

4  *6  ' 

6  * 

7  A8  A9A10A11  A12  A13A14A15 

*j — 

M  1  II  1  II  II  II  II  II 

AQ  A,  A2  A3  A4  A5  Ag  A7  Ag  Ag  A1Q  A, ,  A]2  A,3   

NOT  USED 

5 

J 

Figure  3.  8  x  8  Multiplication  Array  for  Sign-magnitude  Numbers. 
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X2  X3  X4 
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vo 

"\ 
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8X8  MULTIPLIER 
ARRAY 

Y4 

Y5 

Y6 

Y7 

A„  A, 

A2  A3  A4 

*5   Ag  A7   A8   Ag  A10  An  A,2A13A!4  A15 
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2. 


X  =  x  —  x  (2n_1 '  *2  s  Complement  Number) 

Yf  =  y  -  ys(2m^1-1)  (1's  Complement  Number) 

XY-|  =  XY  +  ysX  (2's  Complement  Product 


Figure  4.  2's  Complement  Multiplicand,  1's  Complement  Multiplier  and  2's  Complement  Product. 


5-45 


How  to  Multiply  And/Or  Divide 


Q 


□  s 

GND   0 

E 

Am2503SAR 

CC 

LOCK   

CP 
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Q,  Q0 

■  QUOTIENT  AVAILABLE 
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Figure  5.  2's  Complement  Rounded  Division. 
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Figure  6.  2's  Complement  Multiplier/Divider. 
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MULTIPLICAND 


CLEAR  CLOCK 


SUGGESTED  PARTS 

A  -  2ea.  Am2SLS374 
B  -  2ea.  Am25LS240 
C  -  1  ea.  Am25LS374 
D  -  1  ea.  Am25LS138 


If 


I   .  

Figure  7.  8-bit  by  8-bit  Multiplier/Divider. 
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The  Am25S05,  Am2505  and  Am25L05  Schottky,  Standard  and 
Low  Power  TTL  2's  Complement  Digital  Multipliers 

By  John  R.  Mick 


INTRODUCTION 

This  application  note  is  an  updated  and  expanded  version  of 
the  "A  2's  complement  Digital  Multiplier  —  the  Am2505" 
application  note  by  R.C.  Ghest,  published  in  November,  1971. 
The  device  is  now  available  in  three  technologies.  The  Am25S05 
is  a  very  high  speed  2's  complement  multiplier  built  using  ad- 
vanced Schottky  technology.  The  Am2505  is  a  standard  power 
MSI  element  for  medium  speed  applications.  The  Am25L05  is 
a  low-power  MSI  circuit  for  slower  speed  applications. 

The  Am25S05,  Am2505,  and  Am25L05  can  be  used  in 
iterative  arrays  to  perform  multiplication  of  2's  complement 
numbers  with  a  minimum  of  hardware.  The  new  Am25S05 
provides  the  capability  to  perform  very  high  speed  direct  hard- 
ware multiplications  and  is  especially  suited  for  real-time 
digital  processing  applications.  These  devices  will  find  applica- 
tions in  minicomputers,  recursive  or  non-recursive  digital 
filters.  Fast  Fourier  Transform  processors,  adaptive  digital 
integrators  and  many  other  digital  implementations  of  special 
arithmetic  algorithms. 

At  the  present  time,  digital  machines  perform  multiplication 
using  either  serial  techniques,  serial-parallel  techniques,  or  all- 
parallel  techniques.  The  multiplication  speeds  can  be  very  slow 
to  very  fast  depending  on  the  exact  hardware  implementation 
used  and  the  hardware  constraints  imposed.  The  Am25S05, 
Am2505,  and  Am25L05  are  particularly  suited  for  either  all 
parallel  multiplication  or  serial-parallel  multiplication. 

MULTIPLICATION  DEFINITION 

According  to  Webster's  Dictionary,  multiplication  is  "a  math- 
ematical operation  that  at  its  simplest  is  an  abbreviated  proc- 
ess of  adding  an  integer  to  itself  a  specified  number  of  times 
and  that  is  extended  to  other  numbers  in  accordance  with  laws 


that  are  valid  for  integers."  This  definition  is  particularly 
appropriate  for  binary  numbers  in  that  all  hardware  binary 
multiplication  schemes  make  an  "add"  or  "no-add"  decision 
and  maintain  the  "weighting"  rules  of  binary  numbers.  The 
two  numbers  involved  in  the  operation  are  usually  called  the 
multiplicand  (the  number  to  be  multiplied)  and  the  multiplier 
(the  number  that  multiplies)  with  the  result  being  called  the 
product  (later  in  this  application  note  the  partial  products  or 
partial  sums  will  be  important). 

Binary  multiplication  is  performed  as  in  the  following  four 
digit  example.  The  terms  X  and  Y  are: 

X  =  x0(2°)  +  x-,121)  +  x2(22)  +  x3(23) 
X  =  x0(1)  +  x-,12)  +  x2(4)  +  x3(8) 
Y  =  y0(1)  +  y,(2)  +  y2(4)  +  y3(8) 

where  Xj  and  y,  can  assume  a  "0"  or  "1"  value  for  i  = 
0,  1,2  or  3. 

If  X  is  the  multiplicand  and  Y  is  the  multiplier,  the  product  S 
of  X  -Y  is 

S  =  X  ■  Y  =  y0(1)  [x0(1)  +  x,(2)  +  x2(4)  +  x3(8)] 

+  Vt{t|  [x0(1)  +  x,(2)  +  x2(4)  +  x3(8)] 

+  V2(4)  [x0(1)  +  Xl(2)  +  x2(4)  +  x3(8)] 

+  V3(8)  [x0(1)  +  X1(2)  +  x2(4)  +  x3(8)] 

In  the  above  example,  it  can  be  seen  that  three  additions  are 
required  to  generate  the  product  S  of  X-Y;  the  first  two  of 
these  are  usually  called  partial  products  or  partial  sums.  In 
order  to  examine  the  weighting  of  the  binary  numbers  in  the 
above  example,  the  complete  partial  product  solution  is  shown 
in  Figure  1  and  the  weights  of  the  x  terms  and  y  terms  have 
been  combined. 


Multiplicand 

x3  (8) 

■f      x2  (4) 

+ 

x,  (21 

+ 

x0(1l 

Multiplier 

V3  <8> 

+     V2  (4) 

+ 

V,  (2) 

+ 

vol1' 

x3y0  (8) 

+   x2y0  (4) 

+ 

xlVn(2) 

+ 

x0yn(1) 

x3yi  (161 

+ 

x2y,  (8) 

+   xlVl  (4) 

+ 

xny,  (2) 

Carry  (32) 

+ 

Ps4  (16) 

+ 

Ps3  (8) 

+     Ps2  (4) 

+ 

Ps,  (2) 

+ 

Ps0  (1) 

x3y2  132) 

+ 

x2y2  (16) 

+ 

xlV2  (8) 

+  X0V2  <4> 

Carry  (64)      +       Ps5  (32) 

+ 

Ps4  (16) 

+ 

Ps3  (8) 

+     Ps2  (4) 

+ 

Ps,  (2) 

+ 

Ps0  (11 

x3y3  (64)     +       x2y3  (32) 

+ 

x,y3  (16) 

+ 

x0y3  (8) 

s7(128)  +  s6(64)     +  Sg(32) 

+ 

s4(16) 

+ 

s3(8) 

+  s2(4) 

+ 

5,(2) 

+ 

s0(1) 

Figure  1.   Multiplication  of  Two  Unsigned  4-bit  Numbers  X  and  Y 
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The  s7(128)  term  represents  the  carry  out  of  the  final  sum- 
mation. As  is  seen,  the  multiplication  of  two  4-bit  unsigned 
words  results  in  an  8-bit  product.  This  can  be  extended  to  a 
general  statement;  that  is,  the  multiplication  of  a  m-bit  un- 
signed number  with  a  n-bit  unsigned  number  gives  a  m  +  n  bit 
resultant  unsigned  product.  This  number  may  be  truncated  of 
course  and  rules  will  be  given  later  for  determining  the  result- 
ing accuracy  when  the  hardware  is  being  reduced. 

It  should  be  recognized  that  the  product  terms  associated  with 
yg  and  y-j  can  be  added  in  one  adder  and  the  product  terms 
associated  with  ^2  ar|d  V3  can  be  added  in  a  second  adder  at 
the  same  time;  thereby  giving  two  partial  products  after  one 
adder  propagation  delay  time.  These  two  partial  sums  can  then 
be  added  in  a  third  adder  to  give  the  resultant  product  of 
the  multiplication. 


One  technique  for  reducing  multiplication  time  that  is  pres- 
ently being  used  in  serial  and  serial-parallel  multipliers  is  to 
ignore  addition  when  the  multiplier  bit  is  a  logic  "0."  When 
this  is  done  the  number  of  terms  to  be  added  is  equal  to  the 
number  of  1's  in  the  multiplier  word.  This  method  can  be  ex- 
tended in  such  a  way  that  strings  of  t's  can  also  be  ignored- 
this  leads  to  an  important  new  technique  for  performing  high 
speed  multiplication.  This  technique  will  be  discussed  in 
greater  detail  later. 


Two's  Complement 

Sign 

Decimal 

bit 

Number 

_23 

22 

21 

2° 

-8 

4 

2 

1 

0 

1 

1 

1 

+7 

0 

1 

1 

0 

+6 

0 

1 

0 

1 

+5 

0 

1 

0 

0 

+4 

0 

0 

1 

1 

+3 

0 

0 

1 

0 

+2 

0 

0 

0 

1 

+1 

0 

0 

0 

0 

0 

1 

1 

1 

-1 

1 

1 

0 

-2 

1 

0 

1 

-3 

1 

0 

0 

-4 

0 

1 

1 

-5 

0 

1 

0 

-6 

0 

0 

1 

-7 

0 

0 

0 

-8 

TWO'S  COMPLEMENT  NOTATION 

This  section  is  presented  as  a  quick  review  of  the  two's  com- 
plement numbering  system  and  is  intended  to  give  insight  for 
the  designer  not  familiar  with  two's  complement  notation.  The 
two's  complement  numbering  system  is  a  technique  for  de- 
scribing positive  and  negative  numbers  in  a  convenient  no- 
tation. When  contrasted  with  other  numbering  systems  such 
as  sign-magnitude  and  one's  complement,  it  has  the  advantage 
of  only  having  one  representation  for  the  number  "zero."  Also, 
two's  complement  numbers  can  be  added  or  subtracted  with- 
out concern  for  the  sign  of  each  number  as  the  result  will  be 
correct  in  two's  complement  notation. 

In  2's  complement  notation,  the  sign  bit  is  a  logical  "0"  for 
positive  numbers  and  a  logical  "1"  for  negative  numbers.  Four 
bits  may  be  used  to  represent  the  numbers  +7  to  -8  as  shown 
in  Figure  2.  Notice  that  the  sign  bit  does  carry  magnitude 
information  that  has  a  negative  value. 

From  this  example,  it  is  readily  apparent  that  the  magnitude  of 
the  negative  numbers  is  not  represented  by  its  associated 
magnitude  bits  if  the  sign  bit  is  ignored  as  is  the  case  for  the 
positive  numbers.  One  way  to  find  the  absolute  magnitude  of 
a  negative  2's  complement  number  is  to  invert  all  bits  and 
add  plus  binary  one  as  in  the  example  below: 

1011      Negative  2's  complement  number 

0100  Inverted 

+  0001      One  Added 

0101  Result 

From  this  example,  it  is  seen  that  the  magnitude  of  this 
negative  numbers  is  five. 

Likewise,  to  form  a  negative  2's  complement  number,  the 
positive  representation  is  taken,  inverted,  and  plus  binary  one 
is  added  as  shown. 


Positive  number  +3 

Binary  representation 
I  nverted 
One  added 

Minus  three  in  two's  complement 


0011 
1100 
+  0001 
1101 


The  advantage  of  two's  complement  in  many  computers  and 
digital  processors  is  that  addition  and  subtraction  can  be  per- 
formed without  regard  to  whether  the  numbers  being  added  or 
subtracted  are  positive  or  negative.  Examples  of  addition  are 
shown  in  Figure  3.  Note  that  overflows  are  discarded. 


Figure  2.     Full  Definition  of  a  4-bit  Two's  Complement 


0001 

+1 

0001 

+1 

1110 

-2 

0101 

+5 

1111 

-1 

0110 

+6 

0110 

+6 

(1)0000 

0 

(1)0100 

+4 

0110 

+6 

1010 

-6 

1110 

-2 

1110 

-2 

0011 

+3 

1101 

-3 

(1)0100 

+4 

1101 

-3 

(1)  1011 

-5 

Binary  Number 


Figure  3.     Examples  of  Two's  Complement  Addition 
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Example  1: 

1    0  111 

= 

-9 

0    10  11 

(0) 

a 

+11 

0    0  0  0  0 

1  0 

0 

1 

vo  = 

1 

V_1  =  0 

0    0  0  0  0 

0  0 

0 

V1  = 

1 

vo  -  1 

1     110  1 

1  1 

Y2  = 

0 

V!  =  1 

0    0  10  0 

1 

1 

y2  =  0 

1    0  111 

V4  = 

0 

.  V3  =  1 

(1)1    10  0  1 

1  1 

0 

1 

=  -99 

Example  2: 

1     10  11 

=  —5 

1     10  0  1 

(0) 

=  -7 

0    0  0  0  0 

0  1 

u 

1 
1 

yn  = 

1 

v_i  =  o 

1  1111 

0  1 

1 

vi  T 

0 

vo   =  1 

0    0  0  0  0  0  0 

v2  * 

0 

yi  =o 

0    0  0  1  0 

1 

v3  = 

1 

y2  =0 

0    0  0  0  0 

v4  = 

1 

V3     "  1 

(1)0    0  0  1  0 

0  0 

1 

1 

=  +35 

Subtraction  is  much  like  addition  except  that  the  number 
being  subtracted  (subtrahend)  must  be  inverted  and  have  one 
added  to  its  value.  It  is  then  added  to  the  minuend.  This  ad- 
dition of  +1  represents  no  problem  in  the  hardware  because 
the  carry  in  (cn)  of  the  least  significant  adder  can  be  used  for 
this  purpose  —  not  an  additional  adder.  Figure  4  shows 
examples  of  subtraction. 


Minuend 

0001  +1 

1110-2 

1110 

-2 

1010 

-6 

Subtrahend 

0101  +5 

0110  +6 

1101 

-3 

1101 

-3 

Minuend 

0001 

1110 

1110 

1010 

Inverted  Subtrahend 

1010 

1001 

0010 

0010 

Add 

1011 

0111 

0000 

1100 

Add  One 

0001 

0001 

0001 

0001 

Result  (Binary) 

1100 

1000 

0001 

1101 

Result  (Decimal) 

-4 

-8 

+1 

-3 

Figure  4.     Examples  of  Two's  Complement  Subtraction. 


From  these  examples,  one  might  conclude  that  multiplication 
is  simply  the  product  of  one  2's  complement  number  with  the 
other.  Unfortunately,  this  is  not  correct  for  negative  numbers. 
One  obvious  technique  for  multiplication  in  which  negative 
numbers  are  represented  by  2's  complements  is  to  determine 
the  signs  and  magnitudes  of  the  operands,  multiply  the 
magnitudes,  and  then  if  the  result  is  negative,  cast  the  result 
into  2's  complement  form.  It  seems  preferable,  however,  to 
devise  a  scheme  for  multiplying  such  numbers  more  simply. 
Booth's  method  will  be  considered  for  this  purpose. 

BOOTH'S  ALGORITHM 

In  the  usual  methods  of  digital  multiplication,  the  multiplier 
digits  are  examined  in  turn  and  when  the  multiplier  digit  is  a 
logical  "1,"  the  multiplicand  is  added  to  the  running  partial 
sum  in  the  appropriate  weight.  For  each  multiplier  digit,  there 
is  a  relative  one-digit  shift  between  the  multiplicand  and  partial 
sum  whether  there  has  been  an  addition  or  not.  Booth's 
algorithm  provides  a  tool  whereby  more  than  one  shift  at  a 
time  may  be  made,  depending  on  the  grouping  of  strings  of 
logic  1's  or  logic  0's.  This  multiple  shifting  ability  may  be  used 
to  "speed  up"  the  multiplication  process. 

The  basic  algorithm  as  developed  by  Booth  is  as  follows:  y:  is 
the  i-th  most  significant  bit  of  an  n-bit  multiplier  representa- 
tion. y_^  is  zero,  yg  is  the  least  significant  bit.  yn_i  is  the 
sign  bit.  X  is  the  multiplicand. 

Starting  with  i  =  0,  y,  and  yj_i  are  compared: 

!.J     If  Vj  =  Vj_i;add0X. 

2.  )      If  Vj  =  1  and  y,_i  =  0;    subtract  1X  (the  multi- 

plicand) from  the  partial  product.  (Add  the  2's  com- 
plement). 

3.  )      If  yj  =  0  and  Vj  -j  =  1;  add  1X  to  the  partial  product. 

Two  examples  of  these  rules  are  shown  in  Figure  5. 


Figure  5.    Examples  of  Booth's  algorithm  for  two's  com- 
plement multiplication 

Based  on  these  rules  as  developed  by  Booth,  it  is  a  straight 
forward  process  to  make  a  table  of  desired  action  for  each  of 
the  four  possible  two-bit  combinations  under  inspection.  This 
is  shown  below.  K  is  the  partial  product  before  this  level  of  the 
algorithm  and  is  zero  initially. 


Table  of  Operation  for  Booth's  Algorithm 


Vi— 1 

Vi 

Function 

Partial  Product 

0 

0 

Do  nothing 

K  +  0 

1 

0 

Add  X 

K  +  X 

0 

1 

Subtract  X 

K-X 

1 

1 

Do  nothing 

K  +  0  =  K  -  0 

As  stated  earlier,  one  of  the  initial  goals  is  to  develop  an 
algorithm  that  provides  the  ability  to  look  ahead  more  than 
one  bit  at  a  time.  Therefore,  the  above  table  for  one  multiplier 
bit  yj  is  expanded  to  Table  I  for  two  multiplier  bits,  yj 
and  yi+1. 
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V;  1 

V; 

*  l+  I 

V;    1 ,  Y; 

V;.  Vi-t-1 
*  i'  *  i+  I 

Vi    1 ,  Yi,  Vi+1 
'  I —  I '  'I'  *  1+  ) 

0 

0 

0 

K+0 

K+0 

K+0 

1 

0 

0 

K+X 

K+0 

K+X 

0 

1 

0 

K-X 

K+2X 

K+X 

1 

1 

0 

K-0 

K+2X 

K+2X 

0 

0 

1 

K+0 

K-2X 

K-2X 

1 

o 

1 

K+X 

K-2X 

K-X 

0 

1 

1 

K-X 

K-0 

K-X 

1 

1 

1 

K-0 

K-0 

K-0 

From  Table  I  for  two  multiplier  bits,  the  following  con- 


i-rom  laDie  i  tor  tv 
elusions  can  be  drawn: 


1.  ) 

2.  ) 

3.  ) 

4.  ) 


5.) 


The  yi+i  bit  can  be  used  as  an  add/subtract  control 
where  logic  "0"  is  add  and  logic  "1"  is  subtract. 

The  function  y j  -j  ffi  y;  can  be  used  as  a  X  weight 

control  indicating  the  addition  or  subtraction  of  X 
to  the  partial  product  K. 

The  function  y j  -j  yt  +  "yj  -j  yj  yj+-|  can  be 

used  as  a  2X  weight  control  indicating  the  addition  or 
subtraction  of  2X  to  the  partial  product  K. 
When  in  the  subtract  mode,  the  2's  complement  of 
X  (X  plus  one)  is  added.  Thus  the  Xj  bits  are  ex- 
clusive OR'ed  with  the  add/subtract  control 
The  plus  one  is  generated  in  the  partial  product  LSB 
by  connecting  the  y!+1  to  the  first  cn  of  the  adder 
used  to  add  X  and  K. 

When  2X  is  being  subtracted,  the  carry  into  the 
second  LSB  of  the  partial  product  is  generated  by 
connecting  the  first  cn  to  yj+i  and  x_-|  to  logic  0. 


Thus,  all  required  functions  of  Table  I  can  be  implemented 
using  combinatorial  logic  elements.  The  resultant  output  is  a 
"partial  product"  of  the  total  multiplication  product.  Re- 
member that  if  y |_|_ -|  is  1,  then  y  has  been  treated  as  a  negative 
number  up  to  that  point  so  the  partial  product  may  not  really 
be  correct  yet. 

Both  y^-]   as  yj  and  y:   i   y;  yi  +  1  +  V]  are 

symmetric  functions.  This  provides  the  ability  to  change  from 
positive  logic  to  negative  logic  (X  =  X,  Y  =  Y)  with  the  com- 
binatorial functions  remaining  unchanged. 


THE  AM25S05 

The  Am25S05  is  an  advanced  Schottky  MSI  circuit  that 
implements  the  algorithm  previously  developed  in  this  appli- 
cation note.  It  can  be  used  to  multiply  signed  or  unsigned 
numbers  in  various  number  representations  and  performs 
multiplications  in  either  positive  or  negative  logic.  This  dis- 
cussion applies  to  the  Am2505  and  Am25L05  as  well;  but  the 
Am25S05  has  been  assumed  to  provide  a  single  device  for 


discussion  purposes. 


shifting  array,  a  complementer,  a  high  speed  adder,  and  a 
overflow  and  sign  control. 

1.  )     Multiplier  Decoder 

The  multiplier  decoder  generates  the  required  control  signals 
for  the  shifting  array  and  complementer.  First,  it  decodes 
whether  OX,  1X  or  2X  of  the  X  multiplicand  is  to  be  added  to 
the  incoming  partial  product.  Second,  the  multiplier  decoder 
generates  the  add/subtract  command.  The  decoder  generates 
the  functions. 

A  =  y j  -j  <s  yj  IX  used 

B  =  yj_-|  yjVj+i  +  Yj_i  Vi  yj+i         2X  used 

C  =  P  yi+1  +  P(yi+1A  -+  Vj—i  Yj)  add/subtract 

(P  input  LOW  =  positive  logic;  P  input  HIGH  =  negative 
logic;  P  defined  true  for  negative  logic). 

The  "zero"  times  the  multiplicand  is  obtained  by  AB.  The  P 
input  controls  the  add/subtract  sequence  so  that  the  multiplier 
can  work  in  either  the  positive  or  negative  logic  representation. 
The  function  includes  terms  to  handle  logic  "0  X"  independent 
of  the  positive  or  negative  logic  representation  when  the  de- 
coding functions  A  and  B  are  both  false. 

2.  )      Shifting  Array 

The  shifting  array  generates  0,  1  or  2  times  the  multiplicand 
and  applies  this  to  the  complementer.  X  is  inverted  through 
the  shifting  array  and  "0"  is  implemented  as  all  HIGH's  out 
of  the  array.  The  x_-j  input  is  used  to  shift  up  the  next  lower 
order  bit  for  the  2X  function. 

3.  )  Complementer 

The  complementer  consists  of  a  set  of  exclusive-NOR  circuits 
controlled  by  the  add/subtract  function.  The  add  command 
applies  a  "0"  to  each  exclusive-NOR  while  a  subtract  applies 
a  "1"  to  each  exclusive-NOR.  The  add  command  thereby 
causes  each  output  of  the  shifting  array  to  be  inverted.  Thus, 
the  Xj  inputs  are  applied  non-inverted  to  the  high  speed  adder 
in  the  add  mode  and  applied  inverted  in  the  subtract  mode. 

4.  )     High-Speed  Adder 

The  high-speed  adder  is  a  4-bit  high-speed  parallel  carry  look- 
ahead  adder  that  adds  the  selected  function  of  the  multiplicand, 
X,  to  the  partial  product  presented  at  the  K  inputs.  The  adder 
also  has  a  carry  input,  Cn;  a  carry  output  Cn+4;  and  four  sum 
outputs,  Sg  to  S3. 

5.  )     Overflow  and  Sign  Control 

At  the  most  significant  end  of  the  array,  i.e.  where  the  sign 
bits  are  processed,  a  problem  arises  when  an  overflow  occurs 
as  a  result  of  (a)  an  addition  or  subtraction  or  (b)  the  need  to 
use  2X  in  the  adder.  To  overcome  these  overflow  situations, 
the  sign  digits  of  the  multiplicand  and  partial  product  must  be 
repeated  twice.  Luckily  some  logic  minimization  is  possible 
and  the  S4  and  S5  outputs,  which  are  the  most  significant  bits 
of  the  6-bit  signed  product,  can  be  generated  quite  easily. 
These  two  outputs  are  required  only  at  the  most  significant 
end  of  each  iterative  step  of  a  multiplication.  In  order  to  re- 
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Figure  6.  Logic  Diagram  for  the  Am25S05 
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Figure  7.  Logic  Symbol  and  Connection  Diagram  for  the  Am25S05 


duce  input  loading  on  xo,  an  additional  X4  input  is  provided 
which  is  a  part  of  this  overflow  circuitry.  The  X4  input  must  be 
connected  to  X3  at  the  most  significant  end  of  the  array  only 
and  can  be  left  unconnected  elsewhere. 


ITERATIVE  ARRAYS  USING  THE  Am25S05 

Since  the  Am25S05  is  a  2  x  4  multiplier  and  performs  the 
arithmetic  function  S  =  XY  +  K,  it  can  be  used  as  an  iterative 
cell  in  multiplication  schemes.  The  number  of  multiplier  de- 
vices required  for  the  multiplication  of  a  n-bit  X  by  an  m-bit 
Y  is  given  by 


Number  of  devices  = 


where  X  and  Y  are  the  multiplicand  and  multiplier,  re- 
spectively. (Note  —  fractions  must  be  rounded  up). 

When  the  array  is  extended,  only  the  Sg  through  S3  outputs 
are  used  in  the  partial  product  until  the  most  significant  end 
of  the  array  is  reached.  Then,  the  S4  and  S5  outputs  are  used 
for  the  most  significant  bits.  Thus,  a  4  x  2  multiplication 


gives  a  6-bit  output;  an  8  x  2  multiplication  gives  a  10-bit  out- 
put; a  12  x  2  multiplication  gives  a  14-bit  output  and  so  forth. 
For  the  12x2  multiplication  case,  Sq  through  S3  are  the 
outputs  of  the  two  least  significant  multipliers  and  Sg  through 
S5  are  the  outputs  of  the  most  significant  multiplier  to  provide 
the  14-bit  result.  When  the  multiplier  array  is  expanded  in  the 
Y  direction,  it  is  expanded  on  a  row  by  row  basis.  The  S  out- 
puts of  one  row  are  connected  to  the  K  inputs  of  the  follow- 
ing row  that  are  shifted  up  by  two  bits  in  the  X  direction 
(A  weight  of  2^  =  4).  The  two  least  significant  output  bits 
not  connected  (Sq  and  S-|)  provide  two  of  the  array  outputs. 
Figure  8  shows  four  Am25S05's  connected  to  form  a  4  x  8  I 
array  that  produces  a  2's  complement  product  from  a  4-bit  2's 
complement  multiplier  and  an  8-bit  2's  compiement  multi- 
plicand. The  scheme  is  shown  for  the  positive  logic  representa- 
tion; for  the  negative  logic  representation,  P  must  be  held  high 
rather  than  LOW,  and  'T's  and  '0's  must  be  reinterpreted. 
Since  the  first  iteration  is  treated  as  if  the  previous  operation 
were  an  addition,  the  x_i  and  y_-|  inputs  are  held  at  logic 
'0'.  The  S4  and  S5  outputs  are  ignored  except  at  the  most  signi- 
ficant edge  of  the  array.  The  K  inputs  allow  the  accumulation 
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Figure  8.    2's  Complement  8x4  Multiplication.  Active  High  Levels 


of  partial  products  as  information  passes  through  the  array. 

Since  at  the  first  stage  the  partial  product  does  not  exist,  the 
K  inputs  can  be  used  to  add  in  a  number  at  the  least  significant 
end  of  the  product.  Otherwise  the  K  inputs  should  be  held  at 
logic  V.  This  feature  is  very  useful  as  many  arithmetic 
processes  consist  of  a  series  of  multiplication  and  additions, 
and  these  K  inputs  may  save  additional  devices.  For  multi- 
plication with  longer  word  lengths,  the  array  can  be  extended 
in  both  the  X  and  Y  directions. 

Figure  10  shows  the  straightforward  method  of  stacking  multi- 
pliers so  as  to  accumulate  partial  products  and  generate  a  re- 
sultant product. 

Figure  9  diagrammatically  shows  the  connection  scheme  for 
the  12x12  multiplier  of  Figure  10,  the  straightforward  parallel- 
ogram structure.  The  longest  propagation  delay  path  is  shown 
by  the  arrow.  The  typical  propagation  delay  of  this  path  is 
computed  as  shown  in  Table  II.  Note  that  this  is  not  the 
maximum  speed  connection. 

In  the  diagram  of  Figure  9,  the  shorthand  notation  inside  the 
individual  multiplier  notation  represents  the  "system"  bit 
numbers  connected  to  the  yg  and  xg  bits  respectively.  Thus, 
if  the  system  words  are  A  and  B,  4-8  represent  A4  is  con- 
nected to  yg  of  that  multiplier  element  and  Bg  is  connected 
to  xg  of  that  multiplier  element.  Remember,  each  individual 
Am25S05  is  labeled  y_1,  yg,  y-|,  x_-j,  xg,  xlf  x2,  x3  and  X4. 
When  connected  in  an  iterative  system,  these  inputs  should  be 
relabeled  to  yf_f,  yj,  yj+i,  Xj_-|,  xj,  Xj+1,  xj+2,  xj+3  and 
xj+3  (not  xj+4>-  Then  the  ij  nomenclature  inside  the  element 
is  for  the  subscript  of  the  system  bit  numbers. 


Figure  9.   Diagrammatical  Representation  of  Standard 
12x12  Parallelogram  Structure  and  Longest 
Propagation  Path 

TABLE  II  -  CALCULATION  OF  TYPICAL  PROPAGATION 
DELAY  FOR  PARALLELOGRAM  12  x  12  MULTIPLIER 


*PLH 
Typical 

*PHL 
Typical 

tPLH  +  *PHL 

2 

Vj  to  Cn+4 

23  ns 

20  ns 

21.5  ns 

Cn  to  C„+4 

8  ns 

9  ns 

8.5  ns 

Cn  to  S03 

12  ns 

10  ns 

11.0  ns 

kj  to  Cn+4 

6.5  ns 

10  ns 

8.25  ns 

4  Additional 
cn  to  s03  and 
kj  to  Cn+4  paths 

77.0  ns 

C„  to  S45 

15  ns 

13  ns 

14.0  ns 
Total      140.25  ns 
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Figure  10.    12x12  Multiplier  in  Parallelogram  Structure 


5-55 


Am25S05/Am2505/Am25L05 


A  second,  faster  configuration  for  the  connection  of  a  12  x  12 
multiplier  in  a  parallelogram-type  structure  is  shown  in  the 
connection  diagram  of  Figure  11  and  diagramatically  in  Figure 
12.  The  significant  difference  between  the  connection  in 
Figure  1 1  and  the  connection  in  Figure  10  involves  the  y  inputs 
connected  to  the  carry  inputs.  Notice  in  Figure  10  that  there 
are  y  inputs  going  into  carry  inputs  down  the  left  edge  of  the 
array  to  add  "1"  at  the  LSB  of  the  partial  product  during  sub- 
traction. Every  odd  yj+-|  goes  into  a  carry  of  weight  i.  How- 
ever, within  the  array  there  are  carry  signals  lying  in  the 
critical  speed  path  with  the  same  weight  as  these  y  inputs.  By 
interchanging  some  of  these  y  inputs  with  carries  higher  up  in 
the  array,  it  is  possible  to  shorten  the  critical  speed  path.  For 
example,  the  carry  out  of  the  first  Am25S05  has  a  weight  of 
2^  as  does  the  yg  input  in  the  third  row  carry  in.  By  inter- 
changing these  two  signals  as  shown  in  Figure  11,  the  first 
Am25S05  is  removed  from  the  critical  speed  path.  The  carry 
between  the  first  and  second  devices  in  the  second  row  has  a 
weight  of  26  and  may  be  interchanged  with  the  y^  signal. 
This  interchanging  may  be  continued  across  and  down  the 
array  wherever  applicable.  The  general  philosophy  of  this 
method  is  to  equalize  the  delays  through  the  array  from  the 
top  to  all  parts  of  the  output  rather  than  having  some  output 
bits  available  very  rapidly  and  others  more  slowly.  The  result 
is  that  the  longest  propagation  delay  path  will  also  be  de- 
creased. Table  III  shows  the  computation  for  the  typical 
propagation  delay  of  the  longest  path  for  this  connection. 
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Figure  12.   Diagrammatical  Representation  of  High-Speed 
12  x  12  Parallelogram  Structure  and  Longest 
Propagation  Path 


TABLE  III  -  CALCULATION  OF  TYPICAL  PROPAGATION 
DELAY  FOR  12x12  MULTIPLIER  WITH  CARRIES  MOVED 


tPLH 

lPHL 

lPLH    +  *PHL 

Typical 

Typical 

2 

Vi  to  S03 

23  ns 

23  ns 

23  ns 

kj  to  SQ3 

13.5  ns 

9.5  ns 

11.5  ns 

k|  to  Cn+4 

6.5  ns 

10  ns 

8.25  ns 

Cn  to  S03 

12  ns 

10  ns 

11.0ns 

2  Additional 

kj  to  Cn+4  and 

2(8.25  +11.0|ns 

38.5  ns 

Cn  to  Sq3  paths 

kj  to  Cn+4 

6.5  ns 

10  ns 

8.25  ns 

Cn  to  S45 

15  ns 

13  ns 

14.0  ns 

Total 

114.5  ns 

A  third  configuration  for  a  12  x  12  multiplier  is  shown 
diagrammatically  in  Figure  13.  In  this  structure,  four  of  the 
Am25S05's  have  been  moved  vertically  while  maintaining  the 
relative  partial  sum  weights.  This  results  in  an  increase  in 
speed  over  the  standard  parallelogram  structure  by  decreasing 
the  maximum  propagation  path  length.  The  speed  of  this 
triangular  structure.  Figures  13  and  15,  is  the  same  as  that  of 
the  parallelogram  structure  with  carries  moved,  Figures  11 
and  12. 

Figure  14  diagrammatically  illustrates  the  connection  scheme 
for  16  x  16  arrays  connected  in  the  three  types  of  structures 
previously  described.  In  each  method  the  carry-in  connection 
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Figure  13.   Diagrammatical  Representation  of  12  x  12 
Multiplier  in  Triangular  Array 
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Figure  14.    16  x  16  Multiplier  Connection  Schemes 
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Figure  15.   Connection  for  12  x  12  Configuration  in  the  Triangular  Array. 
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TABLE  IV  -  TYPICAL  MULT 
SECONDS. 


J  TIME  IN  NANO- 


Time  (ns) 

Array  Size 

Number  of 

Time  (ns) 

Method  2 

YxX 

Am25S05's 

Method  1 

Method  3 

4x4 

2 

39 

4x8 

4 

55 

4x12 

5 

64 

8x8 

3 

94 

76 

8x12 

1 2 

102 

94 

8x16 

16 

111 

102 

12  x  12 

18 

141 

115 

12x16 

24 

1 49 

1 32 

1 2  x  20 

30 

1 57 

141 

16x16 

32 

1 88 

1  53 

1 6  x  20 

40 

1 96 

171 

1 6  x  24 

48 

205 

1 79 

20  x  20 

50 

235 

192 

20  x  24 

60 

243 

209 

20  x  28 
24  x  24 

70 

72 

251 
282 

218 

230 

24  x  28 

84 

290 

248 

24  x  32 

96 

299 

256 

28  x  28 

98 

329 

269 

28  x  32 

112 

337 

286 

32  x  32 

128 

376 

307 

to  the  Cn  level  is  shown.  If  no  connection  is  shown,  it  is 
assumed  that  Cn+4  is  connected  to  the  next  Cn.  Table  IV 
shows  the  delays  and  package  count  for  various  size  multi- 
plier arrays  using  these  three  connection  methods. 

FASTER  MULTIPLICATION  USING  ADDITIONAL  ADDERS 

If  faster  multipliers  are  required,  the  multiplication  array  can 
be  split  into  several  parts  and  the  partial  products  from  these 
parts  added  using  high-speed  carry  look-ahead  adders.  This 
method  results  in  a  substantial  increase  in  speed  —  especially 
for  larger  multipliers  —  with  relatively  few  additional  packages. 
One  connection  for  a  16  x  16  multiplier  using  one  level  of  ad- 
ditional partial  product  adders  is  shown  diagrammatically 
in  Figure  16. 

This  method  involves  breaking  the  array  into  two  8  x  16  in- 
directly structured  arrays.  The  first  contains  all  X  connections 
and  the  Y  connections  to  the  0,  1,4,  5,  8,  9,  12  and  13  bits 
The  second  array  contains  all  X  connections  and  the  Y  con 
nections  to  the  2,  3,  6,  7,  10,  1 1,  14  and  15  bits.  In  all  cases 
the  yj_i  bit  is  connected  to  the  correct  weight  bit.  For  ex 

ample,  y j  -|  is  connected  to  bit  5  for  yg  =  6  and  yi  =  7 

Notice  that  for  both  8  x  16  structures,  the  y j  -]  bits  are 

cross  coupled  to  the  other  array.  The  typical  speed  computa- 
tion for  this  connection  is  shown  in  Table  V. 

Another  connection  scheme  for  a  16  x  16  multiplier  using 
three  additional  partial  product  adders  (two  levels)  is  shown  in 
Figure  17.  Here,  the  multiplier  is  broken  into  four  4  x  16 
arrays.  Then  the  outputs  of  two  of  the  arrays  are  combined  in 
one  high-speed  adder  and  at  the  same  time  the  outputs  of  the 
other  two  arrays  are  combined  in  another  high  speed  adder. 
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Figure  16.   Multiplier  Connection  with  One  Level  of  Ad- 
ditional Adders 


TABLE  V  -  CRITICAL  PROPAGATION  DELAY  PATH  FOR 
16  x  16  Ml  LTIPLIER  WITH  ONE  LEVEL  OF  ADDERS. 


Path  One 

*PLH 
Typical 

*PHL 
Typical 

*PLH  +  *PHL 
2 

Vi  to  SQ3 

23.0  ns 

23.0  ns 

23.0  ns 

kj  to  Cn+4 

6.5  ns 

10.0  ns 

8.25  ns 

Cn  to  S03 

12.0  ns 

10.0  ns 

11.0  ns 

kj  to  Srj3 

13.5  ns 

9.5  ns 

11.5  ns 

kj  to  Cn+4 

6.5  ns 

10.0  ns 

8.25  ns 

Cn  to  Cn+4 

8.0  ns 

9.0  ns 

8.5  ns 

Cn  to  S03 

12.0  ns 

10.0  ns 

11.0  ns 

A  to  Cn+4 

Am54S/74S181 

Assumed 

12.5  ns 

Cn  toF 

Am54S/74S181 

Assumed 

7.0  ns 

Total    101.0  ns 

Path  Two 

Vi  to  S03 

23.0  ns 

23.0  ns 

23.0  ns 

kj  to  Cn+4 

6.5  ns 

10.0  ns 

8.25  ns 

Cn  to  Cn+4 

8.0  ns 

9.0  ns 

8.5  ns 

4  Additional 
Cn  '°  Cn+4 

4(8.5  ns) 

34.0  ns 

Cn  to  Sq3 

12.0  ns 

10.0  ns 

11.0  ns 

B  to  Cn+4 

Am54S/74S181 

Assumed 

12.5  ns 

Cn  to  F 

Am54S/74S181 

Assumed 

7.0  ns 

Total    104.25  ns 

~1 05  ns 

The  resultant  sums  of  the  two  high  speed  adders  are  combined 
in  a  third  high  speed  adder  which  gives  the  total  multiplication 
result.  The  typical  speed  computation  for  the  longest  path  of 
this  connection  is  shown  in  Table  VI. 

The  advantage  of  the  scheme  shown  in  Figure  17  is  that  about 
one-half  of  the  total  delay  is  in  the  external  adder.  A  further 
decrease  in  the  average  multiplication  time  can  be  achieved  by 
storing  the  partial  sums  in  registers  or  latches,  then  adding  the 
stored  parts  in  the  high  speed  adders.  This  results  in  a  two-step 
time  sequenced  mode  of  operation. 

TIME-SEQUENCED  MULTIPLIERS 

The  Am25S05  can  be  used  as  the  main  element  in  a  time- 
sequenced  multiplier.  This  is  illustrated  in  Figure  18.  The 
multiplier  and  partial  product  are  shifted  two  places  after  each 
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iteration.  Three  single-length  registers  are  required:  one  holds 
the  multiplicand;  the  other  two  hold  the  double-length  pro- 
duct. The  least  significant  part  of  this  double-length  register 
originally  holds  the  multiplier,  which  is  sequentially  shifted 
out  during  the  computation.  A  shift  of  two  places  is  obtained 
by  splitting  the  multiplier  and  partial  product  into  odd  and 
even  parts  and  placing  the  odd  bits  in  one  shift  register  and  the 
even  bits  in  the  other.  A  shift  of  one  place  of  both  registers 
then  effectively  acts  as  a  shift  of  two  places. 

The  scheme  can  be  extended  to  use  any  number  of  even  multi- 
plier bits.  As  the  number  of  bits  increases,  the  multiplication 
time  increases,  and  the  amount  of  ancillary  hardware  increases. 
When  Am25S05's  are  used  in  a  combinational  array,  the  array 
does  not  require  any  additional  devices.  Time-sequenced 
multipliers  are  worthwhile  mainly  if  the  word  lengths  are  long 
or  if  the  auxiliary  registers  can  be  shared  with  other  arithmetic 
operations.  This  is  one  example  of  a  serial-parallel  multiplier. 

INTEGER  MULTIPLICATION 

The  Am25S05  can  multiply  2's  complement  numbers  in  either 
integer  or  fractional  form.  The  primary  difference  is  in  the 
thought  process  of  the  designer.  When  the  binary  patterns  are 


treated  as  integers, 
resented  as 

2n-1 


ilement  numbers  i 


X 
Y 
K 

where 


Ys 
*s 
x 


=  X 

=  y  ■ 


Ys  2m~1 


=  k  -  ks  2P- 


=  sign  bit  of  X  (one  or  zero) 

=  sign  bit  of  Y  (one  or  zero) 

=  sign  bit  of  K  (one  or  zero) 

=  magnitude  bits  of  X  (less  sign) 

=  magnitude  bits  of  Y  (less  sign) 

=  magnitude  bits  of  K  (less  sign) 

=  number  of  bits  in  X  word 

=  number  of  bits  in  Y  word 

=  number  of  bits  in  K  word 


For  example,  if  six  bits  are  assumed  for  X,  n  =  6  and  the  sign 
bit  has  a  weight  of  -26_1  =  -25  =  -32.  The  other  magnitude 
bits  have  their  normal  weight  and  since  there  are  five  other  mag- 
nitude bits,  they  are  2°,  21,  22,  23,  and  24.  Thus,  2's  comple- 
ment integer  numbers  for  n  =  6  bits  are  as  shown  below: 


Integer 
Decimal 
Number 
Equivalent 


14 
31 
0 

-7 
-25 


-25 
Sign 
-32 


16 


Magnitude  bits 
23  22 

8  4 


21  20 


1 


0  0 

0  1 

0  0 

1  1 

1  0 

1  0 


1 
1 

0 

1 

0 
0 


1  1  0 

1  1  1 

0  0  0 

0  0  1 

1  1  1 
0  0  0 





<"  I 


8  12  I  

12  8        I  12  12~ 


i~4     I     il      1         2~ii  I 


10  4? 

10  8 

10  12 

|      10  0 

14  o| 

14  4 

IJ     B              |                     :4  1? 

ADDER  p 


I  I' 


'I  I  [ 


I  I  ~1 


ADDER  |  |  |  | 


Figure  17.   Multiplier  Connection  with  Two  Levels  of  Ad- 
ditional Adders 


TABLE  VI  -  CRITICAL  PROPAGATION  DELAY  PATH 
FOR  16x  16MULTIPLIER  WITH  TWO  LEVELS  OF  ADDERS 


*PLH 

lPHL 

tPLH  +  tpHL 

Typical 

Typical 

2 

Vj  to  Cn+4 

23.0  ns 

20.0  ns 

21.5  ns 

Cn  to  S03 

12.0  ns 

10.0  ns 

11.0  ns 

kj  to  Cn+4 

6.5  ns 

10.0  ns 

8.25  ns 

Cn  to  Cn+4 

8.0  ns 

9.0  ns 

8.5  ns 

Cn  to  S03 

12.0  ns 

10.0  ns 

11.0  ns 

A  to  Cn+4 

Am54S/74S181 

Assumed 

12.5  ns 

Cn  to  F 

Am54S/74S181  Assumed 

7.0  ns 

A  to  Cn+4 

Am54S/74S181  Assumed 

12.5  ns 

Cn  to  Cn+4 

Am54S/74S181  Assumed 

7.0  ns 

Cn  toF 

Am54S/74S181  Assumed 

7.0  ns 

Total    106.75  ns 

When  the  product  of  X  and  Y  is  considered,  the  following 
equation  results: 


S  =  XY  =  xsys  2m+n-2  -  xys  2m-1  -  yxs  2"-1  + 


xy 


The  2's  complement  product  requires  m  +  n  bits  in  order  to 
represent  all  possibilities.  Note  that  there  is  only  one  con- 
dition where  the  m  +  n  bits  are  required;  that  condition  being: 

X  =  -2n-1andY  =  -2m-1 

This  condition  gives  S  =  XY  =  2m+n— 2  which  requires  m  +  n 
digits  in  a  2's  complement  signed  integer  number. 

Consider  n  =  6  and  m  =  4,  then  xs  has  weight  -32  and  ys  has 
weight  -8.  For  X  =  -32  and  Y  =  -8,  the  product  XY  is  +256. 
The  2's  complement  representation  is  0100000000.  Ten  bits 
are  required  to  properly  represent  the  2's  complement  number. 
All  other  combinations  of  values  for  X  and  Y  require  only 
m  +  n  —  1  bits  to  represent  the  2's  complement  number.  For 
n  =  6  and  m  =  4  in  this  case,  the  ninth  bit  represents  the  pro' 
duct  sign.  Consider  (+7)   x   (-31)   is  equal   to  -217  or 
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0    1  *2  *3 


j    ™  r0  r\  r7  K3 
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j     "  T)  rl  K2  T 
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W  Qp  Q3 
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j  s,  s;  s3     s4  s6  %  s7 
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Note:  4-bit  register  is  Am54S/74S1 95 


Figure  18.   8x8  Time  Sequenced  Multiplier 
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mem  representation  is  luenucai  in  vaiue. 

The  general  requirement  for  the  product  solution  of  XY  is: 


I1ULC    LIIQL  /\ 


S=  XY  =  s 


ss  2m+n-1 


and  all  binary  operations  must  be  carried  through  m  +  n  bits 
in  the  product  soltuion  unless  a  simplification  is  assumed. 

In  the  Am25S05  (as  well  as  the  Am2505  and  Am25L05),  the 
sum  output,  S,  of  the  device  is: 

S  =  XY  +  K. 

This  can  be  seen  in  Figure  6. 

The  devices  are  designed  such  that  in  an  iterative  array,  the  K 
inputs  to  the  adder  are  available  only  at  the  initial  least 
significant  partial  product  input.  Thus  in  an  iterative  system, 
the  sum  is  defined  as: 

S  =  xsys  2m+n-2  -  xys  2m~1  -  (yxs  +  ks)  2n-1  +  xy  +k 

The  ks  term  can  contribute  at  weight  2n— ^  and  the  k  term  at 
weight 

20 

=  1.  Thus,  m  +  n  bits  are  sufficient  to  contain  all 
possible  values  of  S  =  XY  +  K. 

FRACTIONAL  MULTIPLICATION 

Fractional  multiplication  using  the  Am25S05  is  identical  with 
integer  multiplication  but  the  notation  is  changed.  The  frac- 
tional number  range  is  usually  limited  to  -KX<1-2~ (n— 1)_ 

The   fractional   2's  complement   binary   numbers   can  be 


represented  as: 

X 

=  x2-(n-1)_ 

xs 

Y 

=  y2" 

(m-1)  _ 

Vs 

K 

=  k  2" 

(P-D  _ 

ks 

where  the  notation  is  as  with  integer  arithmetic.  The 

sign  bit 

now  has 

a  weight  of  - 

2°  = 

-1  and  the  other  magnitude  bits 

have  the 

r  normal  fractional  weight. 

Two's  complement  numbers  for  n  =  6  are  as  shown  below. 

-2° 

2-1 

2-2 

2-3 

2-4 

2-5 

Fractional 

Equivalent 

-1 

1/2 

1/4 

1/8 

1/16 

1/32 

14/32  = 

7/16 

0 

0 

1 

1 

1 

0 

31/32 

0 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

-7/32 

1 

1 

1 

0 

0 

1 

-25/32 

1 

0 

0 

1 

1 

1 

-32/32 

=  -1 

1 

0 

0 

0 

0 

0 

The  notation  difference  in  the  fractional  representation  is  that 
all  the  integer  representations  have  been  divided  by  2(n_ D. 

The  fractional  product  XY  is 

S  =  XY  =  xsys-xsy  2-<m-1' -ys  x  2-<n-1  >  +  xy  2-<m+n-2) 


yond  the  normal  range.  In  order  to  cover  this  possibility,  the 
sign  bit  should  be  given  a  weight  of  —2  (instead  of  —1);  the 
next  most  significant  bit  is  weight  +1,  the  next  is  +1/2,  and  so 
forth.  If  the  -1  times  -1  possibility  is  excluded  only  m+n-1 
bits  are  required. 

The  Am25S05  used  in  an  iterative  structure  produces  a  frac- 
tional sum  S  =  XY  +  K,  but  the  K  inputs  are  now  at  the  same 
weight  as  the  least  significant  partial  product  inputs.  Thus 
K  =  k  2-(m+n-2)  _  k,  2-<m-1 1.  The  sum  is: 


S  =  XY  +  K  =  xsyx  -  (xsy  +  ks)  2-<m-1>  -  ys  x 
+  (xy  +  k)  2-<m+n-2> 


2-(n-D 


This  general  equation  requires  the  sign  bit  to  have  a  weight  of 
-2  and  all  arithmetic  to  be  carried  to  m+n  bits  to  represent 
the  two's  complement  solution. 

In  conventional  minicomputer  2's  complement  multiplication 
of  fractional  numbers,  the  product,  S,  has  only  m+n— 1  bits 
and  is  constrained  in  the  range  of  —  1  <  S  <  1 — 2  (m+"n  2) 
with  the  most  significant  bit  (sign  bit)  having  a  weight  of —1. 
Outside  of  this  range,  an  overflow  indication  is  given.  The 
Am25S05  produces  a  product  of  m+n  digits  so  that  all 
product  results  XY+K  are  correctly  represented  and  the  sign 
bit  has  weight  -2.  Notice  that  if  K  =  0  (the  condition  in  con- 
ventional machine  multiplication),  m+n  digits  are  required  only 
for  X  =  Y  =  -1.  Thus  if  S  is  used  with  m+n— 1  bits,  the  most 
significant  bit  of  the  Am25S05  array  can  be  ignored,  and  an 
overflow  indication  can  be  generated  by  S_2  9  S+-|  (S5  ®  S4 
on  the  most  significant  Am25S05  output). 

In  fractional  notation,  the  K  inputs  add  to  the  least  significant 
end  of  the  adder.  If  K  is  negative,  the  ks  bit  is  in  effect  re- 
peated completely  across  the  most  significant  part  of  the  pro- 
duct via  the  X4  input  and  S4  and  S5  outputs.  If  a  double  length 
K  addition  is  required,  an  adder  can  be- appended  to  the  most 
significant  part  of  the  product  with  the  carry-in  terminal  con- 
nected to  ks  so  that  the  "1"s  across  the  most  significant  part 
of  the  product  are  removed  and  the  desired  most  significant 
bits  added.  Figure  19  shows  a  4  x  4  multiplication  with  double 
length  addition  while  Figure  20  shows  numeric  examples  of 
4x4  multiplications. 

In  the  connection  scheme  of  Figure  19,  an  Am25S05  has  been 
used  as  an  adder  to  provide  the  desired  overflow  operation  at 
the  most  significant  end  of  the  word.  With  the  y  input  con- 
nection shown,  the  adder  performs  S  =  X  plus  K  with  the  S4 
output  correct  for  this  2's  complement  number  range.  The  S5 
output  is  not  used.  If  K  is  limited  to  the  range  of  —1-1/8  <  K 

<  ^5-,anaddersuchastheAm54S/74S181  or  Am54S/74S283 
64 

can  be  used  to  perform  the  addition  of  the  most  significant  K 
bits.  In  this  case  only  8  bits  will  be  required  to  represent  the 

63 

product  and  it  will  be  in  the  range  of  —2  <  S  <  1  ~. 

64 
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f- 
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S 

n. 
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Note:*  Denotes  decimal  point  definition. 


Figure  19.  4x4  Fractional  Double  Length  Multiplication  and 
Addition. 


ROUND-OFF 

It  is  often  convenient  to  use  only  the  most  significant  half  of 
a  product.  This  product  should  be  rounded  off;  that  is,  it 
should  approximate  the  best  n-bit  answer  possible.  This  can  be 
done  by  examining  the  least  significant  half  of  the  product, 
and  if  it  is  greater  than  or  equal  to  a  certain  value,  (normally 
1/2  that  of  the  least  significant  digit  of  the  truncated  product) 
adding  a  '1'  to  its  most  significant  position. 

Forming  a  rounded  t-bit  product  from  a  conventional  pro- 
duct constrained  within  the  range  — 1  <  S  <  1— 2—  (m+n— 2) 
can  be  accomplished  by  adding  a  'V  to  the  K  input  at  weight 


OVER- 
FLOW 

-1 

1/2 

1/4 

1/8 

1/16 

1/32 

1/64 

value 

Example  #1 
X 

0 

1 

0 

1 

5/8 

Y 

0 

0 

1 

1 

3/8 

XY 

0 

0 

0 

0 

1 

1 

1 

1 

15/64 

+K 

\» 

0 

0 

o| 

0 

0 

| 

1 

3/64 

Sign  extended  via  ks 

XY+K  0 
Example  #2 
X 

0 
1 

0 
0 

1 

0 

0 
0 

0 

1 

0 

18/64 
-7/8 
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0 

1 

0 

0 

1/2 

XY 

1 

1 

1 

0 

0 

1 

0 

0 

-28/64 

+K 

h 
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1 

' 1 

1 

1 

1 

1 

-1/64 

Sign  extended  via  ks 


XY+K  1  110  0 
Example  #3 

X  110  1 

Y  10        0  1 


XY 
+K 


Sign  extended  via  ks 


XY+K 


Frac- 
tional 


-29/64 


-3/8 
-7/8 


21/64 


Figure  20.  Three  Examples  of  Two's  Complement  4x4  Multi- 
plications 

2— For  the  case  where  t  =  m  =  n,  this  is  one  k  position  lower 
than  the  K  sign  digit.  An  example  of  rounding  for  t  =  m  =  n  =  4 
is  shown  below. 


X 

=  0. 

0 

1 

1 

=  3/8 

Y 

=  0. 

1 

0 

1 

=  5/8 

XY 

=  0D. 

0 

0 

1 

1 

1 

1 

=  15/64 

+  K 

=  00. 

0 

0 

0 

1 

0 

0 

S 

=  00. 

0 

1 

0 

0 

1 

1 

Rounded  t-bit  product  from  the  2t-bit  product  is 

S       =      0.     0     1     0  =1/4 

For  the  case  m  =  4  and  n  =  8,  the  sum  of  n+m  is  12.  If  a  six  bit 
rounded  product  is  desired,  a  "1"  is  added  at  weight  2~6.  If  an 
eight  bit  rounded  product  is  desired,  a  one  is  added  at 
weight  2— 8. 

If  the  sum  output  is  not  constrained  as  before  but  covers  the 
range  -2  <  S  <  2-2— (m+n— 2)_  care  must  be  taken  when 
rounding.  For  the  case  where  m  =  n  is  rounded  to  m(or  n)  bits 
the  "1"  is  to  be  added  at  the  ks  (sign)  weight.  The  multiplier 
would  treat  this  as  a  negative  ks  sign  bit  and  it  would  be  ex- 
tended up  through  the  array  most  significant  bit.  Therefore, 
this  connection  cannot  be  made.  It  is  recommended  that  for 
this  case,  the  ks  sign  bit  be  connected  to  logic  "0"  and  all 
lower  order  k  bits  be  connected  to  logic  "1".  This  comes  very 
near  the  desired  rounding  criteria;  otherwise  an  additional 
adder  is  required  at  the  output  to  add  a  one  at  the  ks 
weight  only. 
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TABLE  VII  -  WORST  CASE  EFFECT  OF  TRUNCATION  BY  REMOVING  MULTIPLIERS 

2 

1 

12  bit 
LSB 

13  212 
4  13 

Truncated  Bits 

211      210      29      28       27       26       25       24       23       22       21  2° 
12       11       10      9        8        7        6        5        4        3        2  1 

Multiplier 

removed 

&- 

0- 

1  1 

1111 
1  1 

0-0  removed 
2  0  removed 

1  0 
1         1  1 

0  1 

1  ®- 

10  11 

effect 

0-4  removed 

10        0  1 

1     1  1 

1110  11 

1  1 

effect 

4-0  removed 

10        0         0  1 

i     i     i  1 

10         10  11 

effect 

2-4  removed 

101111101011 

11111 

effect 

6  0  removed 

1 

0011         1010101  1 

effect 

I 


TRUNCATION 

If  the  user  is  prepared  to  accept  a  truncated  product  where  the 
product  is  incorrect  by  some  fraction  of  a  least  significant 
digit,  the  number  of  IC's  required  for  the  multiplication  can  be 
reduced.  The  designer  can  determine  the  accuracy  required  for 
his  application  and  remove  packages  as  long  as  the  error  does 
not  exceed  the  desired  accuracy. 

A  simple  procedure  for  examining  the  effects  of  removing  each 
Am25S05  is  as  follows.  Each  4x2  multiplier  can  effect  5  bits 
of  the  output  partial  product  by  its  Sg,  S-],  S2,  S3,  and  Cn+4 
output.  As  each  package  is  removed,  the  effect  on  each  bit 
level  can  be  evaluated  by  summing  the  total  bits  involved. 

This  is  best  shown  by  an  example.  Assume  a  12  x  12  multi- 
plier with  a  24-bit  result  (Reference  Figure  12).  When  theO-0 
multiplier  (yx)  is  removed,  the  5  LSB's  are  effected.  If  the 
2-0  multiplier  is  removed,  then  the  first  eight  LSB's  are  effected 
as  shown  in  Table  VII.  If  the  0-4  multiplier  is  also  removed, 
then  two  multipliers  have  been  removed  from  row  one  and  one 
multiplier  from  row  two.  Only  the  first  nine  bits  of  row  one 
can  be  effected  by  the  removal  of  two  multipliers.  Since 
Cn+4of  0-0  was  considered  before,  the  Sg  bit  of  0-4  cannot  be 
added  a  second  time.  Therefore,  when  the  0-4  multiplier  is 
removed,  only  the  S-j,  S2,  S3  and  Cn+4  bits  effect  the  result. 
This  is  shown  in  Table  VII  by  cancelling  the  Sg  bit  of  "0-4 
removed".  When  the  4-0  multiplier  is  removed  from  row  3  the 
Sg,  S-|,  S2,  S3  and  Cn+4  bits  effect  the  result.  When  the 2-4 
multiplier  is  removed  from  row  2,  the  Sg  bit  cannot  be  con- 
sidered. 

Thus,  from  Table  VII  it  can  be  seen  that  when  0-0,  2-0, 0-4, 4-0 
and  2-4 are  removed,  the  first  12  LSB's  are  effected  and  the  12 
bit  sum  output  will  be  accurate  to  about  3/4  LSB  at  this  point. 
Thus,  5  multiplier  packages  can  be  removed  from  a  12  x  12 


multiplier 


and  maintain  a  3/4  LSB  accuracy.  Note  that  18 


devices  are  required  for  full  accuracy.  If  the  6-0  multiplier 


is  removed  from  row  4,  the  12-bit  result  will  be  accurate  to 
about  1  LSB,  but  only  12  devices  are  required  rather  than  18. 

One  further  note  on  truncation;  when  a  binary  word  is 
truncated,  the  accuracy  is  not  ±1  LSB  or  ±1/2  LSB,  etc.  The 
truncated  result  can  never  increase  the  magnitude  of  the  LSB 
because  this  would  include  rounding.  Thus,  a  truncated  result 
is  always  the  sum,  S,  plus  zero  magnitude  of  the  LSB  and 
minus  1,  1/2  or  1/4  (or  any  other  number)  LSB.  The  mag- 
nitude always  becomes  more  negative  for  either  positive 
or  negative  numbers. 

From  this  discussion,  it  should  be  apparent  that  the  designer 
can  remove  packages  and  truncate  the  product  to  any  desired 
bit  length  and  accuracy.  When  the  product  is  truncated,  no 
speed  increase  usually  occurs,  since  the  removed  multipliers 
are  not  in  the  longest  critical  speed  path.  This  assumes  that  the 
highest  speed  connection  is  being  used. 

MULTIPLICATION  IN  OTHER  NUMBER  REPRESENTA- 
TIONS 

Although  2's  complement  multiplication  is  the  one  most  widely 
used,  multiplication  in  other  number  representations  often 
must  be  performed.  The  Am25S05  can  be  used  to  perform 
these  multiplications  if  appropriate  care  is  used  and  the  proper 
connections  are  made. 

UNSIGNED  (Magnitude-only)  MULTIPLICATION 

The  most  straightforward  technique  to  perform  magnitude- 
only  multiplication  is  to  generate  two  "always  positive"  two's 
complement  numbers.  This  is  accomplished  by  adding  a  logic 
"0"  as  the  most  significant  bit  of  each  word,  thereby  generating 
a  positive  sign  bit.  This  increases  both  the  X  and  Y  word 
lengths  by  one  bit.  The  Am25S05  can  be  used  "as  is"  to  per- 
form this  multiplication  and  the  two  most  significant  multiplier 
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sum  bits  are  ignored.  Thus,  if  m  =  4  and  n  =  6  in  a  magnitude- 
only  representation,  a  5  x  7  multiplier  configuration  is  re- 
quired. The  two  MSB's  of  the  12-bit  sum  are  ignored  which 
result  in  a  10-bit  product  solution  in  a  magnitude-only 
representation.  Note  that  the  multiplier  still  performs  XY  + 
K  and  m  +  n  bits  are  sufficient  to  contain  all  possibilities. 
(A  6  x  8  connection  is  actually  used). 

A  second  technique  for  unsigned  multiplication  also  requires 
extending  the  word  length  one  bit,  but  need  not  require  a 
larger  array.  A  logic  "0"  is  appended  to  each  word  as  a 
positive  sign  bit;  then  the  LSB  of  each  word  is  considered 
separately. 

Xe  =  x0  +  2x  -  xs2n 
Ye  =  y0  +  2y  -  ys2m 

Since  xs  =  ys  =  0,  the  extended  product  is 

XeYe  =  4xy  +  2xy0  +  2yx0  +  x0y0 

A  n-bit  by  m-bit  multiplier  array  can  be  used  to  generate  4xy 
and  a  conditional  adder  can  be  used  to  generate  2xyg  +  2yxg. 
The  term  from  this  adder  can  be  added  to  the  multiplier  array 
at  the  K  input.  The  1,  2  and  4  show  the  proper  weighting  for 
each  term.  The  term  xgyg  is  just  an  AND  function  and  cannot 
produce  a  carry  output.  The  first  stage  of  the  conditional 
adder  produces  the  first  bit  of  the  product.  The  remaining 
product  digits  are  produced  at  the  output  of  the  multiplier 
array.  The  sign  digits  xs,  ys  and  ks  are  held  at  logic  0  and  the 
two  most  significant  multiplier  sum  bits  are  ignored.  The  ad- 
vantage of  this  connection  is  that  the  conditional  adder  is  con- 
nected to  the  K  inputs  and  in  some  cases  the  total  multipli- 
cation time  may  be  faster  than  if  the  above  method  is  used. 

It  should  also  be  noted  that  depending  on  the  word  lengths 
being  used,  it  may  only  be  necessary  to  extend  one  of  the  input 
words  (X  or  Y)  beyond  the  iterative  array  convenient  length. 
Then  it  may  be  possible  to  use  the  K  inputs  as  most  of  the 
conditional  adder. 

SIGN-MAGNITUDE  MULTIPLICATION 

The  most  straightforward  technique  for  performing  sign  mag- 
nitude multiplication  is  to  split  the  sign  from  the  magnitude 
and  perform  the  magnitude  multiplication  as  described  in  the 
magnitude-only  section.  The  sum  sign  bit  is  ss  =  xsy"s  +  xsys  = 
xs  ®  ys,  which  can  be  performed  in  an  external  exclusive-OR 
circuit.  Note  that  for  a  sign  magnitude  notation,  m  =  5  and 
n  =  7  only  m+n— 1  =  1 1  bits  are  needed  for  the  sign-mag- 
nitude XY  product.  Caution  —  care  must  be  taken  when  using 
the  K  inputs  because  a  negative  product  plus  K  may  be  positive 
and  no  provision  is  made  for  this  in  the  sign  bit  representation. 

The  notation  used  for  a  sign-magnitude  word  is: 


xsm  =  x(1-2xs) 
Ysm  =  V<1-2ys) 


The  resulting  solution  for  the  sign  magnitude  multiplication 
if  the  signs  are  included  in  the  Am25S05  connection  is 

Ssm  =  (X  Y  -  xsys  2m+n-2  +  xys  2m- 1  +  yxs  2n~ 1 ) 
(1-2xs-2ys  +  4xsys) 

There  are  four  conditions  for  xsys  and  the  correction  required 
in  each  case  is  as  shown  below: 


xsys 

XYsm 

00 

XY 

(no  correction) 

10 

-XY 

_y2n-1 

01 

-XY 

- x2m-1 

11 

XY 

_  2m+n— 2  +  x2m_1 

+  y2n-1 

:xy(1-2x,)(1-2y,)= 


The  Xsrr 
xy(1-2xs-2ys  +  4xsys) 

The  Am25S05  2's  complement  multiplier  produces  the  pro- 
duct: S  =  XY  =  xsys  2m+n-2  _  xys  2m- 1  -  yxs  2"-!  +  xy 


Since  the  terms  to  be  added  begin  at  weight  2m—  2n—  ^  or 
2m+n— 2  they  must  operate  on  the  most  significant  part  of  the 
product.  Therefore,  additional  adders  are  required  at  the  out- 
put to  make  the  proper  connection.  The  technique  of  keeping 
the  sign  bits  separate  from  the  multiplier  array  and  setting 
K  =  0  is  recommended. 

ONE'S  COMPLEMENT  MULTIPLICATION 

One's  complement  multiplication  does  not  have  a  straight- 
forward method  as  do  unsigned  or  sign-magnitude  multipli- 
cation schemes.  The  notation  used  to  represent  a  1's 
complement  number  is 

X,  =x-xs  (2n"1  -1) 
Y,  =  y-ys  (2m-1  -1) 
S,    =   X,Y,    =xy  +  xys(1-2m-1)  +  yxs(1-2n-1)  + 
xsys(1-2n-1  -  2m-1   +  2m+n-2) 

If  the  X  and  Y  word  length  are  the  same,  then  m  =  n  and  the 
product  reduces  to: 

St  =X,Y1  =xy  +  (xys  +yxs)(1-2n-1)  +  xsys(1-2n  +  22n~2) 

The  Am25S05  product  f  or  m  =  n  is 

XY  =  xsys  22n~2  -  (xys  +  yxs)  2n~1  +  xy 

Remembering  the  definitions  for  X  and  Y  in  2's  complement, 
the  solution  for  the  one's  complement  multiplication  sum 
for  m  =  n  is 

St  =  XY  +  xys  +  yxs  +  xsys(1-2-2n-1) 

h  =  XY  +  *sY  +  VS  X  +  xsys 

Note  that  the  one's  complement  word  relates  to  the  two's 
complement  word  as 


Yi  =  Y  +  ys 

Therefore,  the  one's  complement  solution  can  also  be  given  as 

Si  =  XY  +  XjY,  -ryjX,  -  xsys 
The  four  conditions  for  xsys  with  m  =  n  are: 
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xsVs 

XjY-,  Result 
Correction  Requires  2's  Complement 

XiYt  Result 
Correction  Requires  1's  Complement 
Inputs  end  1  s  Complement  Addition 

XtYt  Result 
Correction  Requires  1's  Complement 
I  nputs  and  2's  Complement  Addition 

00 
10 
01 
11 

XY 

XY  +  Y 
XY  +  X 

XY+X+Y+1 

XY 

XY+Y, 
XY  +  X, 

XY  +  X1+Y,-1 

XY 

XY  +  yi-i 

XY  +  X!-1 

XY  +  X-i  +  Y,  +  1 

Since  the  correction  to  be  added  is  at  weight  2^=1,  the  K  in- 
puts can  conveniently  be  used  for  this  purpose.  Note  that  two 
designs  have  been  described.  The  first  requires  having  both 
one's  complement  numbers  Xi  and  Y-j  available  converted  to 
2's  complement  numbers  X  and  Y.  The  second  requires  only 
one's  complement  numbers  but  requires  an  addition  of  —1 
(in  one's  complement  notation).  Thus,  a  conditional  adder  can 
be  used  to  produce  xsY-|  +  ysX-|  -  xsys,  and  the  sum  can  be 
added  to  the  multiplier  at  the  K  inputs. 

If  m  is  not  equal  to  n,  then  the  product  X-|Y-|,  using  the 
Am25S05  is  S,  =X1Y1  =XY  +  xys+yxs+xsys  (l-2n-1-2m-D- 
Note  that  the  same  type  of  solution  is  possible  as  with  m  =  n. 
S-|  =  X-^Yf  =  XY  +  ysX!  +  xsY,  -  xsys. 

- 

Thus,  a  conditional  adder  can  be  used  and  the  solution  is 
identical  with  the  four  conditions  shown  for  xsys  when  m  =  n. 
The  only  difference  is  that  the  adder  will  use  the  m  and  n  word 
lengths  which  must  be  extended  sufficiently  to  cause  repetition 
of  the  sign  bit  across  the  multipliers  array. 


THE  y-1  BIT 

It  has  been  stated  repeatedly  that  the  multiplier  array  per- 
forms the  function  S  =  XY  +  K.  This  result  assumes  that  the 
y_1  system  bit  is  held  at  zero.  If  y.-j  is  held  at  logic  "1",  the 
array  function  becomes  S  =  XY  +  K  +  X  =  X  (Y+1 )  +  K  which 
may  be  expanded  to  include  y.-|  as  S  =  XY  +  K  +  y.-|  X  = 
X  (Y+y_i )  +  K  where  y.-|  is  either  logic  1  or  0.  There  are  some 
applications  of  the  multiplier  array  that  can  take  advantage  of 
this  ability  to  add  X  to  the  product  XY. 


X  K  Y 

Am25S05's 





X  K  Y 

Am2SS05's 


=  Ax2  +  Bx  +  C 


Figure  21.  Polynomial  Evaluation 


APPLICATIONS 

The  multiplier  is  ideal  for  hardware  multiplication  in  general 
and  special  purpose  computers,  digital  filter  circuits,  Fast 
Fourier  Transform  (FFT)  processors,  and  special  purpose 
digital  machines.  In  the  applications  described  in  the  following 
figures,  the  multiplier  array  is  shown  as  a  box  which  performs 
the  function  S  =  XY  +  K.  Care  must  be  exercised  in  scaling 
the  numbers  appropriately.  Likewise,  various  other  registers 
and  adders  are  assumed  to  have  a  word  length  sufficient  to 
handle  the  accuracy  and  magnification  required.  Figure  21 
shows  two  multiplier  arrays  connected  to  generate  a  quad- 
ratic in  x.  This  can  be  extended  to  form  polynomials  with 
higher  powers  of  x. 

A  multiplier  array  connected  to  perform  higher  order  poly- 
nomial evaluation  in  a  time  sequenced  mode  is  shown  in  Fig- 
ure 22.  Note  that  the  output  register  is  initialized  to  0  and  the 
constants  sequentially  applied  to  the  K  input. 

Figure  23  shows  a  single-pole,  low-pass,  recursive  digital  filter. 
The  z-plane  pole  location  is  at  z  =  C  where  C  is  a  constant. 
The  register  is  used  as  the  unit  time  delay  operator  z— 1.  The 
K  inputs  can  be  used  for  the  least  significant  bits  of  the  data 
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Am74S153's 
MULTIPLEXER 


Ax  +  B 

Ax2  +  Bx  +  C 

Ax3  <■  Bx2  +  Cx  +  D 


Figure  22.  Time  Sequenced  Polynomial  Evaluation 
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input  Ej.  In  some  designs,  only  the  K  input  bits  are  required 
for  the  entire  Ej  input  word.  The  DC  gain  at  z  =  +1  is  1/(1  -C) . 

A  single  pole,  high-pass  recursive  digital  filter  is  shown  in 
Figure  24.  The  z-plane  pole  location  is  at  z  =  C.  Note  the 
z-plane  zero  at  z  =  1  which  results  in  a  DC  gain  of  0,  i.e.,  a 
high-pass  filter. 

A  two-pole,  low-pass  recursive  digital  filter  of  canonical  form 
is  shown  in  Figure  25.  This  block  produces  a  complex  con- 
jugate pair  of  poles  in  the  z-plane  when  |4D|  >|C2|.The  pole 

locations  are  2>j,  z2  =w± 

iVic2  — 4DI  .  This  configuration  can 
1  2 

be  used  as  a  two-pole  building  block  in  more  complex 
Butter-worth  or  Chebychef  filters.  The  DC  gain  is  1/(1-C+D). 
This  value  is  usually  very  close  to  the  peak  internal  build  up 
which  occurs  at  a  frequency  just  below  the  filter  break  fre- 
quency. Also  shown  is  the  case  in  which  the  input  word  length 
has  been  extended  to  full  length. 

Figure  26  shows  a  general  two-pole,  two-zero  recursive  canonical 
structure.  By  appropriately  selecting  the  A,  B,  C,  and  D  con- 
stants in  this  configuration,  the  building  block  can  be  used  as 
a  high-pass,  low-pass,  or  band-pass  digital  filter.  The  DC  gain 
is  (1+A+B)/(1—  C+D).  The  pole  locations  are  the  same  as  for 
Figure  24.  The  zero  pair  will  be  complex  if  A  is  negative  and 
|4B|>|A2|.  If  A  =  -2  and  B  =  1,  then  the  zeros  are  at  (z-1)2 
and  a  two-pole,  high-pass  filter  results. 
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Figure  23.  Single-Pole,  Low  Pass  Recursive  Digital  Filter 
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Figure  24.  Single-pole,  High-pass  Recursive  Digital  Filter. 
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Figure  25.  Two-pole,  Low-pass  Recursive  Digital  Filter 


E,  bl  1-  {N  +  C  +  AD)z-1  *  (NC  *  Dli-2 


Figure  27.   General  Two-pole,  Two-zero  Recursive  Digital  Filter  Building  Block 
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A  general  two-pole  building  block  is  shown  in  Figure  27.  There 
are  several  options  for  arranging  the  multipliers  and  adders 
depending  on  the  application.  The  z-plane  transfer  function  is 
also  shown  in  Figure  27.  The  multiplier  constants  locate  the 
poles  and  zeros  of  the  filter.  Also,  the  internal  characteristics 
of  the  filter  can  be  adjusted  using  the  constants. 

In  all  of  the  digital  filter  examples  shown,  the  single  unit  delay 
register,  j— 1,  can  be  replaced  with  multi-word  resisters.  Thus, 
the  arithmetic  structure  can  be  time  shared  by  sequentially 
changing  the  multiplier  constants.  Also,  such  things  as  comb 
filters  or  range-gated  filters  can  be  designed  using  long  word 
length  registers.  Remember,  however,  that  each  pole  imple- 
mented requires  one  memory  word  and  no  sharing  is  possible. 
A  non-recursive  digital  filter  is  shown  in  Figure  28.  These 
structures  are  useful  as  equalizers  and  for  certain  filter  applica- 
tions. These  structures  have  a  finite  transient  response  whereas 
the  recursive  filter  transient  response  tends  to  be  infinite. 

This  same  non-recursive  structure  can  be  implemented  as  shown 
in  Figure  29.  Here  one  multiplier  and  one  register  are  used  in  a 
time-sequenced  mode.  Thus,  with  the  non-recursive  structure, 
both  the  multipliers  and  memory  may  be  time  shared.  The 
coefficients  A,  B,  C,  etc.,  are  evaluated  by  determining  the 
transient  response  of  the  filter  desired  and  implementing  the 
z-transform  constants  as  the  multiplier  constants.  As  shown, 
each  constant  is  stored  in  a  separate  register  and  then  multi- 
plexed to  the  multiplier.  This  may  be  more  convenient  for 
adaptive  filters.  Otherwise,  the  constants  can  be  stored  in  a 
shift  reg  ster  that  is  connected  to  the  Y  input  of  the  multiplier. 


MULTIPLEXER 


□  □□ 


iz5  +  Bz4  +  Cz3  +  Dz2  +  Ez  +  F 


Elf 

EjE  ♦  E,F 

E,D  »  E,E  +  Ei F 


E6A  +  E5B  +  E4C  ♦  E3D  +  E2E  +  E,F 


Figure  29.  Time  Sequenced  Non  Recursive  Digital  Filter 
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-  CzJ  +  Dz'  +  Ez  +  F 


Figure  28.   Non-recursive  Digital  Filter 
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Figure  30  shows  how  the  square  root  of  a  number  is  formed 
using  a  multiplier  array  built  with  Am25S05  digital  multipliers 
as  the  function  generator.  The  successive  approximation  reg- 
isters provide  the  estimate  that  is  then  squared  and  compared 
with  the  number  whose  root  is  required.  If  the  square  of  the 
trial  value  is  less  than  the  number  whose  root  is  desired,  then  a 
"1"  is  fed  back  to  change  the  register  bit  under  consideration. 
The  time  to  achieve  a  square  root  is  essentially  n+1  multiply 
times.  The  network  can  easily  be  modified  to  perform  op- 
erations of  the  type  r  =  (X2  +  Y2  +  Z2)1''2.  The  multiplier 
array  can  be  used  to  generate  the  various  squares,  add  the 
products  and  then  compare  the  result  against  a  trial  value  de- 
rived from  the  same  multiplier  array.  The  time  required  would 
then  be  n+4  multiplication  times. 

Another  application  frequently  used  is  the  division  operation. 
This  can  be  performed  by  multiplying  the  trial  value,  n,  by  the 
divisor  and  comparing  the  result  against  the  dividend.  If  the 
dividend  is  larger  then  the  trial  value  has  to  be  increased;  if  the 
dividend  is  smaller  then  the  trial  value  has  to  be  reduced.  The 
operation  is  fairly  straightforward  for  unsigned  division;  with 
signed  division  a  few  problems  occur. 


For  2's  complement  integer  division  the  logic  is  shown  in 
Figure  31. 

The  divisor,  dividend  and  trial  quotient  are  all  treated  as  2's 
complement  numbers.  The  first  trial  value  is  all  ones  (—1). 

The  operations  performed  are: 

For  Qg,  the  sign  digit  of  the  quotient: 

If  D7  =  0  and  -  ^  <P  Set  Qs  =  0  Otherwise  Qg  =  1 

If  D7  =  1  and  -y  <P  Set  Qs  =  1  Otherwise  Qs  =  0 

For  the  remaining  quotient  digits; 

If  D7  =  0  and  Tj„i  D  +-^<P  Set  Q|  =  1  Otherwise  Qj  =  0 

If  D7  =  1  and  Tj^  D  +  -^<P  Set  Qj  =  0  Otherwise  Qj  =  1 

where  T;  is  the  i  th  trial  value  held  in  the  SAR. 


GND  - 
CLOCK  - 


Am2503  SAR  CC 
O7  Q6  Q5  04  Q3  Q3  Q,  Qg 


-ROOT  AVAILABLE 
 "6 


TTT 


Aq  A]  A2  A3  A4       B0  Bi  B2  B3  B4 


Aq  A]  A2  A3  A4       B0  Bi  B2  B3  B4 


Figure  30.  Square  Root  Evaluation  by  Recursion 


5-71 


Am25S05/Am2505/Am25L05 


GND  - 
CLOCK  - 


Am2503SAR 
0;      Q6  Q5  Q4  03  Q2  Q1 


6 
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2's  COMPLEMENT 

QUOTIENT 
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A0  A j  A2  A3  A4  Bq  B|  B2  B3  B4 


A0  A|  A2  A3  A4         80  B]  B2  83  B4 


A0  A,  A2  A3  A4         80  B,  B2  B3  B4 


A0  A,  A2  A3  A4         80  B,  B2  B3  B4 


Figure  31.  2's  Complement  Rounded  Division 


Since  the  complement  of  the  most  significant  bit  of  the  reg- 
ister is  used  rather  than  the  true  output  so  that  resetting  the 
register  presents  -1  to  the  multiplier  array,  the  change  in 
algorithm  between  the  sign  bit  and  the  rest  of  the  bits  is 
.  automatically  taken  care  of. 


The  D/2  factor  in  the  equations  is  used  to  round  off  the 
quotient.  A  double  length  dividend  is  assumed.  The  com- 
parator is  wired  for  a  2's  complement  comparison  with  the 
sign  digit  of  the  product  and  dividend  crossed  over,  the  divi- 
dend sign  bit  forming  part  of  the  multiplier  word  and  the 
product  sign  bit  forming  part  of  the  dividend  word. 
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APPENDIX  A 

CONNECTION  DIAGRAMS 

Within  this  Appendix,  the  symbol  shown  at  left  below  is  used  to  represent  the  Am25S05,  Am2505,  or 
Am25L05.  The  symbol  at  left  should  be  interpreted  as  equivalent  to  the  symbol  at  right. 
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Table  A-1  is  a  summary  of  the  typical  switching  characteristics  for  each  path  through  the  multiplier.  Table 
A-2  is  a  summary  of  speed  and  power  for  various  size  multiplier  arrays  using  the  parellelogram  connection 
with  carries  interchanged  (Reference  Fig.  A-1  and  A-2). 

TABLE  A-1 

TYPICAL  SWITCHING  CHARACTERISTICS 

^tpHL  +  tPLH^ 

PATH 

Am25S05 

Am  2505 

Am25L05  UNIT 

Cn  to  Cn+4 

8.5 

13.5 

32.5 

ns 

Cn  to  S03 

11.0 

16.5 

36.0 

ns 

Cn  to  S45 

14.0 

19.5 

44.0 

ns 

k  to  Cn+4 

8.25 

13.5 

31.0 

ns 

k  to  S03 

11.5 

16.5 

36.5 

ns 

k  to  S45 

14.0 

21.5 

51.5 

ns 

X  to  Cn+4 

17.5 

21.0 

63.5 

ns 

X  to  Sfj3 

21.0 

25.0 

70.0 

ns 

X  to  S45 

22.5 

29.5 

85.0 

ns 

Y  to  Cn+4 

21.5 

33.0 

75.0 

ns 

Y  to  S03 

23.0 

35.0 

83.5 

ns 

Y  to  S45 

25.0 

38.5 

93.5 

ns 
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TABLE  A-2 


TYPICAL  SPEED  &  POWER 
FOR 

TWO'S  COMPLEMENT  MULTIPLICATION 


ARR 

AY  SIZE 

Am25S05 

Am  2505 

Am25L05 

# 

SPEED 

POWER 

SPEED 

POWER 

SPEED 

POWER 

Y  •  X 

DEVICES 

ns 

WATTS 

ns 

WATTS 

ns 

WATTS 

4x4 

2 

39 

1.2 

60 

0.9 

145 

0.3 

4x8 

4 

55 

2.4 

83 

1.8 

186 

0.6 

4x12 

8 

64 

4.8 

96 

3.6 

219 

1.2 

8x8 

8 

76 

4.8 

115 

3.6 

262 

1.2 

OX  1  z 

1  9 
1  £. 

94 

7.2 

143 

5.4 

320 

1.8 

8x16 

16 

102 

9.6 

156 

7.2 

353 

2.4 

12x1; 

!  18 

115 

10.8 

175 

8.1 

396 

2.7 

12x1< 

i  24 

132 

14.4 

203 

10.8 

454 

3.6 

12x2( 

)  30 

141 

18.0 

216 

13.5 

487 

4.5 

16x1f 

i  32 

153 

19.2 

235 

14.4 

530 

4.8 

16x2( 

)  40 

171 

24.0 

263 

18.0 

588 

6.0 

16x2' 

48 

179 

28.0 

276 

21.6 

621 

7.2 

20x2( 

)  50 

192 

30.0 

295 

22.5 

664 

7.5 

20x2' 

\  60 

209 

36.0 

323 

27.0 

722 

9.0 

20x2? 

I  70 

218 

42.0 

336 

31.5 

755 

10.5 

24x2* 

\  72 

230 

43.2 

355 

32.4 

798 

10.8 

24x2£ 

1  84 

248 

48.0 

383 

36.0 

856 

12.0 

24x32 

96 

256 

52.8 

396 

39.6 

889 

13.2 

28x2? 

98 

269 

54.0 

415 

40.5 

932 

13.5 

28x32 

112 

286 

62.4 

443 

46.8 

990 

15.6 

32x32 

128 

307 

72.0 

475 

54.0 

1066 

18.0 
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Xq  X7         KQ  K7 


X0  X, 

x2  X3  X4  X5  Xg  X7         K0  Ky   K2  <3  K4  K5  Kg  K7 

1  - 

■"l 

1  - 

Y2 

1  - 
1  - 

Y3 
Y4 

8x8MULTIPUER 
ARRAY 

1  - 

YS 

1  - 

Y6 

Y7  

Y7 

a0  At 

A2  A3  A4   A5  A6   A7  A8  A9  A,0  A, ,  A,2  A13  A14  A15 

A„  A,5 


Figure  A-1.   8x8  Multiplication  Array  for  2's  Complement  Numbers.  Both  the  Actual  Connection  Diagram 
and  System  Block  Diagram  are  Shown. 
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x0    x3       k0  k2 


x8    XI0        KB  Klt 


-   1 1 1 1  M 


I  I  I  I  I 
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I  »,7  I  «,J 


"1     I     I  I 


Aq  Bq  A,  8,  A?  Bj  A3  B3 
cn     Am54S'74S181  co+4 


*9  A10 

I  I  I  I  I  I  I 


Am54S/74Siai 


I     I    I  I 

F8       F9     F10  FH 


'12     A13     A14  A!5 

Mill 


Am54S.  V4S181 


I     I    I  I 

F1?     F13  FM  Ft6 


*16     AI7    A18  A19 

I  M  I  I  I  I 


Am54S/?4S181 


J-TT 


ri 


Am54S/74S181 


F16     ''17      18  h19 


F20     F21    F22  F23 


Am54S/74S181  in  ADD  mode. 


Figure  A-5.   12  x  12  Multiplication  Array  Using  one  Level  of  Adders.  (Similar  to  Figure  16  on  12  x  12  Array.) 
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(Continued  next  page) 


Figure  A-6.   16  x  16  Multiplier  Using  Two  Levels  of  Adders,  (Reference  Fig.  17). 
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Am54S/74S181 
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E8   E9  E10  Ell 


16  A17  A18  A19 
[B14 I B15 |B16 |B17 
1    I     M     il     I  I 


Am54S/74S181 


I  I  I  I 
E12  E13  E14  E15 


3  fl21  p-l 


Am54S('74S181 
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E16  E17  E18  E19 


c4    cs    °e  C7 
I  D2  I  D3  I  D4  |  D5 


III! 
F0    Fl    F2  F3 


c8    c9   c10  cn 

I  Dg    |  D?    I  Dg    I  Dg 


Am54S/74S181 

Am54S/74S181 

F4    F5    FB  F7 


c12  c13  c14  c15 
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Am54S/74S181 
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F16  F17  E18  FI9 
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Am54S/74S181 
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Y8   Y9  Y10Y11 
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I  F0  I  F1  I  F2  I  F3 


i — i — i — r- 

Y12  Y13Y14  Y15 


E12  E13  E14  E15 


Am54S/74S181 


~1 — I    I  I 

Y16Y17Y18Y19 


EtK  E17  E1i 


F12   F13  F14  F15 


Y20  Y21  v22  Y23 


~i   i  i  r 

Y24  Y25Y26Y27 


F1fi    F17    F1H  F1< 


lF 

11 

1 

1 

1 

1 

1 

1 

1 

1 

Am54S/74S181 

Am54S/74S181 

Am54S774S181 

Y28  Y29  Y30  Y31 


H  «  HIGH 

Am54S/74S181  in  ADD  mode. 


Figure  A-6.  (Con't)    16  x  16  Multiplier  Using  Two  Levels  of  Adders,  (Reference  Fig.  17). 
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x0  Xj  x2  x3  x4  x5  xg  x7 


M  I  I  I  I  I 


Xq  X-|  X2  X3  X4  X5  Xg  X7  K0  Kj  K2  K3  K4  Kg   Kg  K7 


8x8MULT!PLICATION 
ARRAY 


(REFERENCE  FIGURE  A-1) 


A0  A,  A2  A3  A4  A5  A6  A,  As  AgA^A,,  A,2  A,3  A,„  A,5 

I      I      I      I      I      I      I      I      I      I      I      I      I      I      I  I' 

AQ  A,  A2  A3  A4  Ag  Ag  A7  Ag  Ag  A10  An  A12  A13  


1 


A.4 


Figure  A-7.   8x8  Multiplication  Array  for  Sign-magnitude  Numbers. 


1  1  1  1  II  1    1  T  T  T  T  T  T  T 

X<>  *1   X2  ><3  X4   X5  X5  X7         K0    K,  K2  K3  K4  K5  K6  K7 

v-, 

*0 
Vl 
•<2 

8X8  MULTIPLIER 
J  ARRAY 
Y4 

Y6 
Y6 
Y? 

Ag    At    A2    A3   A4    A5    A6  A7    Ag    Ag  A10  A,  ]  A12  A13  A14  A15 

II  1  1  1  II  1  1  1  II  1  1 

_L 


X  =  x  -  xs(2n_1 )  (2's  Complement  Number) 

Y1  =  y  -  ys(2m~'1  -1)  (1's  Complement  Number) 

XYt  =  XY  +  ysX  (2's  Complement  Product) 


Figure  A-8.   2's  Comple 


1's  Complement  Multiplier  and  2's  Complement  Product. 


Am25S05/ Am2505/ Am25  L05 


r3 


1A  IB 

2A  2B     3A  3B     4A  4B 

S 

G 

Am  54S/74S158 

|V 

2Y         3V  4V 

rrr 


— 


X,  Yi     X,   Y3  X 


2    T2    A3  T3 


A,  B,     A2  B2     A3  B3 

cn*4 

M 

Am54S/74S181 

S| 

s2 

S3  . 

Fo 

F1         F2  F3 

H  -  HIGH 


*5  Y5     *6  T6     *7  T7 


A,    B,  A. 


2   B2    A3  B3 


F0         F1  f2 


x1  x2  x3  x4  x5  x6  x7 


Y5  — 


r 


X0  Xt  X2  X3  X4  X5  X6  X7         K0  K,   K2  K3  K4  Kg  Kg  K7 


(REFERENCE  FIGURE  A-1) 
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I  I  I  I  I  I  I  I  I  I  I  I  I  I  M 

z2  z3  z4  z5  z6  z7  z8  z9  z10  zn  z12  z13  z14  z15  N0T 

USED 
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FUNCTION  TABLE  FOR  DECODE 


Y0 

x0 

c„ 

M 

s3 

S2 

Si 

So 

S181 
Function 

Algorithm 
Function 

0 

0 

X 

H 

L 

L 

H 

H 

0 

Add  0 

0 

1 

X 

H 

H 

L 

H 

L 

B 

Add  Y  to  XY 

1 

0 

H 

L 

L 

L 

L 

L 

A 

Add  X  to  XY 

1 

1 

H 

L 

H 

L 

L 

H 

A  Plus  B 

Add  X  Plus  Y 
to  XY 

0  -  Logic  "0"  -  L  -  LOW 

1  -  Logic  "1"  =  H=HIGH 
X=  Don't  Care 


Figure  A-9.  8x8  Multiplier  for  Unsigned  Numbers  Using  the  Product  XeYe  =  4xy  +  2xy0  +  2yx0  +  x0V0- 
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FUNCTION  TABLE 


Xs 

Ys 

Function 

M 

s3 

S2 

Si 

So 

Cn 

0 

0 

0 

L 

L 

L 

H 

H 

L 

0 

1 

Y-1 

L 

H 

H 

H 

H 

H 

1 

0 

-1 

L 

L 

L 

H 

H 

H 

1 

1 

Y+1 

L 

L 

L 

L 

L 

L 

Figure  A-10.   Multiplication  of  Two  8-bit  1's  Complement  Numbers  Resulting  in  a  16-bit  1's  Complement  Product. 
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Sales  Office  Listing 


METAL  CAN  PACKAGES 


H-8-1 


H-10-1 


G-12-1 


REFERENCE 
PLANE  | 


SEATING  |_0 
PLANE        ^    „„  . 

*  JO  D 


-tfD-,  ■ 


AMD  Pkg. 

H-8-1 

H-10-1 

G-12-1 

Common 
Name 

TO-99 
Metal 
Can 

TO-100 
Metal 
Can 

TO-8 
Metal 
Can 
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Appendix  C 

A-1 

A-2 

Parameters 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

A 

.165 

.185 

.165 

.185 

.155 

.180 

e 

.185 

.215 

.215 

.245 

.390 

.410 

ei 

.090 

.110 

.105 

.125 

.090 

.110 

F 

.013 

.033 

.013 

.033 

.020 

.030 

k 

.027 

.034 

.027 

.034 

.024 

.034 

kl 

.027 

.045 

.027 

.045 

.024 

.038 

L 

.500 

.570 

.500 

.610 

.500 

.600 

L1 

.050 

.050 

L2 

.250 

.250 

a 

45°  BSC 

36°  BSC 

45° 

0b 

.016 

.019 

.016 

.019 

0bi 

.016 

.021 

.016 

.021 

.016 

.021 

0D 

.350 

.370 

.350 

.370 

.590 

.610 

0D, 

.305 

.335 

.305 

.335 

.540 

.560 

0D2 

.120 

.160 

.120 

.160 

.390 

.410 

Q 

.015 

.045 

.015 

.045 

1.  Standard  lead  finish  is  bright  acid  tin  plate  or  gold  plate. 

2.  applies  between  L,  and  L2.  *b,  applies  between  L,  and  0.500" 
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P-10-1 


c 


k-l  -A 


□ 

6  tO 

u  u  u  u  u 


L-ir 


P-14-1 


14  8 


v  v  v  w,  v  v  y 
-1--]  I—  -H 


P-16-1 


k  -Ik 


P  18  1 


P-20-1 


I 

E 

I 
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10 

-i  kb, 

b— II- 


fillip 


P  22-1 
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PACKAGE  OUTLINES  (Cont.) 


MOLDED  DUAL  IN-LINE  PACKAGES  (Cont.) 


P-24-1 


P28-1 


D 


*^  — i-i — -4 1— ^, 


P-40-1 


=1- 


f  — —I  e  |—  


AMC 

Pkg. 

P-8-1 

P-10-1 

P-14-1 

P-16-1 

P-18-1 

P-20-1 

P-22-1 

P-24-1 

P-28-1 

P-40-1 

Parameters 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

A 

.150 

.200 

.150 

.200 

.150 

.200 

.150 

.200 

.150 

.200 

.150 

.200 

.150 

.200 

.170 

.215 

.150 

.200 

.150 

.200 

b 

.015 

.022 

.015 

.020 

.015 

.020 

.015 

.020 

.015 

.020 

.015 

.020 

.015 

.020 

.015 

.020 

.015 

.020 

.015 

.020 

bl 

.055 

.065 

.055 

.065 

.055 

.065 

055 

.065 

.055 

.065 

.055 

.065 

.055 

.065 

.055 

.065 

.055 

.065 

.065 

c 

.009 

.011 

.009 

.011 

.009 

.011 

.009 

.01 1 
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.009 

.011 

.009 

.011 

.009 

.01, 

.009   1  .011 

.011 

D 

.375 

.395 

.505 

.550 

.745 

.775 

.745 

.925 

1 .010 

1 .050 

1.080 

1.120 

1.240 

1.270 

1.480 

2.080 

E 

.240 

.260 

.240 

.260 

.240 

.260 

.240 

.260 

.260 

.250 

.290 

.330 

.370 

.515 

.540 

.530 

.550 

.550 

E2 

.310 

.385 

.310 

.385 

.3  1 0 
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.310 

.385 

.310 

.385 

.310 

.385 

.410 
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.700 

.585 

.700 

.585 

.700 
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.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 
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.110 

.090 

.110 

.090 

.110 
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.110 

.090 

.110 
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.060 
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.015 

.060 

.015 

.060 
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.060 

.015 

.060 

.015 
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.040 
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.040 

.025 

.055 

.015 

.045 

.035 

.065 

.040 

.070 

.040 

.070 

Notes 


1.  Standard  lead  finish  is  tin  plate  or  solder  dip. 

2.  Dimension  E2  is  an  outside  measurement. 
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0-1(1) 

D-1(3) 

D-1(1) 

D-2(1) 

D-2(3) 

Parameters 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

A 

.130 

.200 

.100 

.200 

.130 

.200 

.100 

.200 

.100 

.200 

130 

.200 

.100 

.200 

.130 

.200 

.100 

200 

.140 

.220 

b 

.016 

.020 

.015 

.022 

.016 

.020 

.015 

.022 

.015 

.023 

.016 

.020 

.015 

.022 

.016 

.020 

.015 

.022 

.016 

.020 

»1 

.050 

.070 

.040 

.065 

.050 

.070 

.040 

.065 
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.070 

.050 

.070 

.040 
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.065 

.050 
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.011 
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.013 
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.011 
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.260 
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.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110  j 

L 

.125 

.150 

.125 

.160 

.125 

.150 

.125 

.160 

.100 

.150 

.125 

.150 

.125 

.160 

.125 

.150 

.125 

.160 

.125 

.150 

Q 

.015 

.060 

.020 

.060 

.015 

.060 

.020 

.060 

.020 

.080 

.015 

.060 

.020 

.060 

.015 

.060 

.020 

.060 

.015 

.060 

1 

.004 

.005 

.010 

.005 

.020 

.005 

.005 

.005 

.005 

.005 

a 

3' 

13° 

3° 

13* 

3° 

13° 

3* 

13° 

3" 

13* 

3° 

13* 

Standard 

b 

bore 

b 

bore 

c 

b 

bore 

b 

bore 

b 

AMD  Pkg. 

D-20-2 

D-22-1 

D-22-2 

D-24-1 

D-24-2 

D-24-4 

D-28-1 

D-28-2 

D-40-2 

D-48-2 

Common 
Name 

SIDE- 
BRAZED 

CERDIP 

SIDE- 
BRAZED 

CERDIP 

SIDE- 
BRAZED 

CERVIEW 

CERDIP 

SIDE- 
BRAZED 

SIDE- 
BRAZED 

SIDE- 
BRAZED 

30510 
Appendix  C 

D-3<1) 

D-3(3) 

Para  motors 

Min 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

A 

.100 

.200 

.140 

.220 

.100 

.200 

.150 

.225 

.100 

.200 

.150 

.225 

.150 

.225 

^ 100 

.200 

.100 

.2&; 

.100 

.200 

b 

.015 

.022 

.016 

.020 

.015 

.022 

.016 

020 

.015 

022 

.016 

020 

.016 

.020 

.015 

022 

.015 

.022 

.015 

.022 

bi 

.040 

.065 

.045 

.065 

.030 

.060 

.045 

.065 

.030 

.060 

.045 

.065 

.045 

.065 

030 

.060 

.030 

.060 

.030 

.060 

c 

.008 

.013 

.009 

.011 

.008 

.013 

.009 

.011 

.008 

.013 

.009 

.011 

.009 

.012 

.008 

.013 

.008 

.013 

.008 

.013 

D 

.950 

1.010 

1.045 

1-110 

1.050 

1.110 

1.230 

1  285 

1.170 

1.200 

1.235 

1.280 

1.440 

1.490 

1.380 

1.420 

1.960 

2.040 

2.370 

2.430 

E 

.260 

.310 

.360 

.405 

.360 

.410 

.510 

.545 

.550 

.610 

.510 

.550 

.510 

.545 

.560 

.600 

.550 

.610 

.570 

.610 

El 

.290 

.320 

.390 

.420 

.390 

.420 

.600 

.620 

.590 

.620 

.600 

.630 

.600 

.620 

.590 

.620 

.590 

.620 

.590 

.620 

• 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

no 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

.090 

.110 

L 

.125 

.160 

.125 

.150 

.125 

.160 

.120 

.150 

.120 

.160 

.120 

.150 

.125 

.150 

.120 

.160 

.120 

.160 

.125 

.160 

0 

.020 

.060 

.015 

.060 

020 

.060 

.015 

.060 

.020 

.060 

.015 

.060 

.015 

.060 

.020 

.060 

.020 

.060 

.020 

.060 

s, 

.005 

.005 

.005 

.010 

.005 

.010 

.010 

.005 

.005 

.005 

a 

3C 

13" 

3': 

13; 

3° 

13* 

3° 

13° 

Standard 
FMdh 

b  or  c 

b 

b  or  c 

b 

b  or  c 

b 

b 

bore 

b  ore 

Notes:  1.  Load  finish  b  is  tin  plate.  Finish  c  is  gold  plate. 

2.  Used  only  for  LM108/LM108A. 

3.  Dimensions  E  and  D  allow  for  off-center  lid,  meniscus  and  glass  overrun. 
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PACKAGE  OUTLINES  (Cont.) 
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PACKAGE  OUTLINES  (Cont.) 


AMD  Pkg. 

F-10-1 

F-10-2 

F-14-1 

F-14-2 

F-1 6-1 

F-1 6-2 

F-20-1 

F-22-1 

Common 
NAME 

CERPACK 

METAL 
FLAT  PAK 

CERPACK 

METAL 
FLAT  PAK 

CERPACK 

METAL 
FLAT  PAK 

CERPACK 

METAL 
FLAT  PAK 

38510 

Appendix  C 

F-4 

F-4 

F-1 

F-1 

F-5 

Parameters 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

A 

.045 

.080 

.045 

.080 

.045 

.080 

.045 

.085 

.045 

.085 

.045 

.085 

.045 

.085 

.045 

.090 

b 

.015 

.019 

.012 

019 

.015 

.019 

.012 

.019 

.015 

.019 

.015 

019 

.015 

019 

.015 

.019 

c 

004 

006 

.003 

.006 

.004 

.006 

.003 

.006 

.004 

.006 

.003 

006 

.004 

.006 

.003 

.006 

D 

.230 

.255 

.235 

.275 

.230 

.255 

.230 

.270 

.370 

.425 

.370 

.400 

.490 

.520 

.380 

.420 

°1 

.275 

.280 

.410 

.440 

E 

.240 

.260 

.240 

.260 

240 

.260 

.240 

.260 

.245 

.285 

.245 

.285 

.245 

.285 

.380 

.420 

El 

.275 

.280 

.275 

.280 

.290 

.305 

.290 

.440 

e 

.045 

.055 

.045 

.055 

.045 

.055 

.045 

.055 

.045 

.055 

.045 

.055 

.045 

.055 

.045 

.055 

L 

.300 

.370 

.300 

.370 

.300 

.370 

.300 

.370 

.300 

.370 

.300 

.370 

.300 

.370 

.250 

.320 

Li 

.920 

.980 

.920 

.980 

.920 

.980 

.920 

.980 

.920 

.980 

.920 

.980 

.920 

.980 

.920 

.980 

Q 

.010 

.040 

.010 

.040 

.010 

.040 

.010 

.040 

.020 

.040 

.010 

.040 

.020 

.040 

.010 

.040 

Si 

.005 

.005 

.005 

.005 

.005 

.005 

.005 

Standard 

Lead 

Finish 

b 

c 

b 

c 

b 

c 

b 

c 

AMD  Pkg. 

F-24-1 

F-24-2 

F-24-3 

F-28-1 

F-42-1 

Common 
Name 

CERPACK 

METAL 
FLAT  PAK 

METAL 
FLAT  PAK 

METAL 
FLAT  PAK 

CERAMIC 
FLAT  PAK 

38510 

Appendix  C 

F-6 

F-8 

Parameters 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

A 

.050 

.090 

.045 

.090 

.045 

.090 

.045 

.080 

.070 

.115 

b 

.015 

.019 

.015 

.019 

.015 

.019 

.015 

.019 

.017 

.023 

c 

.004 

.006 

.003 

.006 

.003 

.006 

.003 

.006 

.006 

.012 

D 

580 

.620 

.360 

.410 

.380 

.420 

.360 

.410 

1.030 

1.090 

°1 

.420 

.440 

.410 

1.090 

E 

.360 

.385 

.245 

.285 

.380 

.420 

.360 

.410 

.620 

.660 

E1 

.410 

.305 

.440 

.410 

.660 

e 

.045 

.055 

.045 

.055 

.045 

.055 

.045 

055 

.045 

.055 

L 

.265 

.320 

.300 

.370 

.250 

.320 

.270 

320 

.320 

.370 

Li 

.920 

.980 

.920 

.980 

.920 

.980 

.955 

1.000 

1.300 

1.370 

Q 

.020 

.040 

.010 

.040 

.010 

.040 

.010 

.040 

.020 

.060 

Si 

.005 

.005 

0 

0 

.005 

Standard 

Lead 

Finish 

b 

c 

c 

c 

C 

Notes:  1.  Lead  finish  b  is  tin  plate.  Finish  c  is  gold  plate. 

2.  Dimensions     and      allow  for  off-center  lid,  meniscus,  and  glass  overrun. 


ORDERING  INFORMATION 


All  Advanced  Micro  Devices'  products  listed  are  stocked  locally  and  distributed  nationally  by  Franchised  Distributors.  See  back  of  this 
book  for  the  location  nearest  you.  Please  consult  them  for  the  latest  price  revisions.  For  direct  factory  orders,  call  Advanced  Micro 
Devices,  901  Thompson  Place,  Sunnyvale,  California  94086,  (408)  732-2400,  TWX:  910-339-9280,  TELEX:  34-6306. 

Minimum  Order 

The  minimum  direct  factory  order  is  $100.00  for  a  standard  product. 

The  minimum  direct  factory  order  for  Class  B,  burned-in,  product  is  $250.00. 

Proprietary  Product  Ordering,  Package  and  Temperature  Range  Codes 

The  following  scheme  is  used  to  identify  Advanced  Micro  Devices'  proprietary  products. 


AM  25LS  138  PC- B 


Family 
Identification 


Package  Style 

D  =  Hermetic  DIP 
F  =  Flat  Package 
P  =  Molded  DIP 
X  =  Dice 


Package 
Style 


Additional 
Processing 


Temperature 
Range 


Temperature  Range 

C  =  Commercial 
0°C  to  +70°C 

M  =j  Military 

-55°C  to  +125°C 


Additional  Processing 

B  =  Burn-in  (Signifies  full  MIL-STD-883 
Class  B  product  for  military  temperature 
range  devices) 

T  =  Additional  high  temperature  testing 


Second  Source  Product  Ordering,  Package  and  Temperature  Range  Codes 

An  order  number  and  marking  system  identical  to  the  original  manufacturer's  is  used  for  the  Advanced  Micro  Devices' 
pin-for-pin  and  electrically  equivalent  circuit. 

The  following  example  is  the  ordering  scheme  for  Advanced  Micro  Devices'  second  source  to  Texas  Instruments'  products. 


SN  74  LS  138  N-B 


Temperature 
Range 


Device 
Type 


Package 
Style 


Additional 
Processing 


Package  Style 

J  =  Hermetic  DIP 
N  =  Molded  DIP 
w  =  Flat  Package 
X  =  Dice 


Temperature  Range 

74  =  Commercial 
0°C  to  +70°C 

54  =  Military 

-55°Cto  +125°C 


Additional  Processing 

B  =  Burn-in  (Signifies  full  MIL-STD-883 
Class  B  product  for  military  temperature 
range  devices) 

T  =  Additional  high  temperature  testing 
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STANDARD  PRODUCT  PROCESSING  AND  OPTIONS 


1.  AMD  STANDARD  PRODUCT  -  CLASS  C  PROCESSING 

All  products  manufactured  by  Advanced  Micro  Devices,  including  Bipolar  Logic  and  Interface,  Memory  and  Microprocessors,  Linear  and 
MOS/LSI  meet  the  quality  requirements  of  MIL-M-38510.  In  addition  all  products,  both  commercial  and  military  temperature  range 
receive  the  100%  screening  procedures  defined  in  the  current  revision  of  MIL-STD-883,  Method  5004,  Class  C.  This  processing  is 
described  in  Advanced  Micro  Devices'  Product  Assurance  Document  15-010. 

a)  Internal  visual  inspection:  Method  2010.  Condition  B. 

b)  High  temperature  storage:  Method  1008,  Condition  C;  150°C,  24  hours. 

c)  Temperature  cycling:  Method  1010,  Condition  C;  -65°C,  150°C  ,  10  cycles. 

d)  Constant  acceleration:  Method  2001,  Condition  E;  30,000  g.,  Y-,  plane.  (Hermetic  packages  only.) 

e)  Fine  leak:  Method  1014,  Condition  A;  5  x  10~8  atm  cc  per  second.  (Hermetic  packages  only.) 

f)  Gross  leak:  Method  1014,  Condition  C,,  Step  2.  (Hermetic  packages  only.) 

g)  Continuity  test  at  100°C  to  0.01%  AQL.  (Molded  packages  only.) 

h)  Final  electrical  test:  100%  D.C.  and  functional  testing  at  25°C  and  Group  A  sample  per  Method  5005. 

To  order  this  product,  use  the  order  number  shown  for  the  product  desired.  Example:  AM2501DMforfull  military  temperature  range  part 
in  dual-in-line  package,  AM2501  DC  for  commercial  temperature  range  in  dual-in-line  package. 

As  noted,  all  material  is  processed  to  Class  C  and  no  additional  price  adders  are  imposed  to  deliver  this  level  of  reliability. 

2.  CLASS  B  PROCESSING 
Military  Temperature  Range 

Standard  product  is  upgraded  to  Class  B  with  a  1 60-hour  burn-in  at  1 25°C  followed  by  1 00%  electrical  testing  of  D.C.  parameters  at  25°C, 
125°C,  -55°C  and  A.C.  parameters  at  25°C. 

Burn-in  conditions  are  steady  state  power  (MIL-STD-883,  Method  1015.1,  Condition  B)  for  linear  circuits,  and  steady  state  power  and 
reverse  bias  (Condition  C)  for  all  others.  Standard  burn-in  circuit  specifications  for  any  device  are  available  upon  request.  Condition  D 
burn-in  is  available  to  special  order.  Consult  your  local  AMD  sales  office  for  price  and  delivery. 

To  order  this  product,  use  the  order  number  shown  for  the  product  desired  and  add  the  suffix  "B".  Example:  AM2501 DM-B  for  military 
temperature  product  in  dual-in-line  package  with  burn-in  as  described,  SN54LS174W-B  for  military  temperature  range  product  in  flat 
pack  with  burn-in.  This  processing  meets  all  of  the  requirements  of  MIL-STD-883,  Class  B  product. 

Commercial  Temperature  Range 

Standard  AMD  Class  C  commercial  temperature  range  product  is  burned-in  for  use  in  non-military  systems  to  a  modified  Class  B 
program.  A  160  hour  burn-in,  to  a  method  meeting  the  requirements  of  Method  1015.1 ,  Conditions  A  and  B,  is  followed  by  the  standard 
Class  C  electrical  test  procedures. 

To  order  this  level  of  screening,  use  the  order  number  shown  for  the  commercial  device  and  add  the  suffix  "B".  Examples: 
AM25LS1 75DC-B  and  SN74LS153N-B. 

3.  CLASS  S  PROCESSING  (FORMERLY  CLASS  A) 

Class  S  processing  is  recommended  only  for  applications  where  replacement  is  extremely  difficult  and  reliability  is  imperative.  This 
material  is  only  produced  to  special  order.  Consult  AMD  for  further  details. 

4.  DICE 

To  assist  hybrid  manufacturers  on  prototype  products,  all  AMD  dice  are  available  in  quantities  of  1 0  pieces  or  more.  All  dice  are  supplied 
in  carriers,  are  glass  scratch  protected,  and  except  for  some  LSI  devices,  are  subjected  to  complete  functional  and  parametric  testing. 
Advanced  Micro  Devices'  dice  are  1009?  optically  inspected  to  meet  MIL-STD-883,  Method  2010  Cond.  B  quality  levels.  Detailed 
information  on  additional  extended  dice  testing  and  processing  is  available  by  contacting  Advanced  Micro  Devices. 
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The  product  assurance  program  at  Advanced  Micro  Devices  defines  manufacturing  flow,  establishes  standards  and  controls,  and 
confirms  the  product  quality  at  critical  points.  Standardization  under  this  program  assures  that  all  products  meet  military  and 
government  agency  specifications  for  reliable  ground  applications.  Further  screening  for  users  desiring  flight  hardware  and  other 
higher  reliability  classes  is  simplified  because  starting  product  meets  all  initial  requirements  for  high-reliability  parts. 

The  quality  standards  and  screening  methods  of  this  program  are  equally  valuable  for  commercial  parts  where  equipment  must 
perform  reliably  with  minimum  field  service. 

Two  military  documents  provide  the  foundation  for  this  program.  They  are: 


MIL-M-38510-  General  Specification  for  Microcircuits 
MIL-STD-883  -  Test  Methods  and  Procedures  for  Microelectronics 


MIL-M-38510  describes  design,  processing  and  assembly  workmanship  guidelines  for  military  and  space-grade  integrated 
circuits.  All  circuits  manufactured  by  Advanced  Micro  Devices  for  full  temperature  range  (-55°Cto  +125°C)  operation  meet  these 
quality  requirements  of  MIL-M-38510. 

MIL-STD-883  defines  detail  testing  and  inspection  methods  for  integrated  circuits.  Three  of  the  methods  are  quality  and  processing 
standards  directly  related  to  product  assurance: 

Test  Method  2010  defines  the  visual  inspection  of  integrated  circuits  before  sealing.  By  confirming  fabrication  and  assembly 
quality,  inspection  to  this  standard  assures  the  user  of  reliable  circuits  in  long-term  field  applications.  Standard  inspection  at 
Advanced  Micro  Devices  includes  all  the  requirements  of  the  latest  revision  of  Method  2010,  condition  B. 

Test  Method  5004  defines  three  reliability  classes  of  parts.  All  must  receive  certain  basic  inspection,  preconditioning  and 
screening  stresses.  The  classes  are: 

Class  C  -  Used  where  replacement  can  be  readily  accomplished.  Screening  steps  are  given  in  the  AMD  processing  flow 
chart. 

Class  B  -  Used  where  maintenance  is  difficult  or  expensive  and  where  reliability  is  vital.  Devices  are  upgraded  from  Class 
C  to  Class  B  by  160-hour  burn-in  at  125°C  followed  by  more  extensive  electrical  measurements.  All  other  screening 
requirements  are  the  same. 

Class  A  -  Used  where  replacement  is  extremely  difficult  and  reliability  is  imperative.  Class  A  screening  selects  extra 
reliability  parts  by  expanded  visual  and  X-ray  inspection,  further  burn-in,  and  tighter  sampling  inspection. 

All  hermetically  sealed  integrated  circuits  (military  and  commercial)  manufactured  by  Advanced  Micro  Devices  are  screened  to 
MIL-STD-883,  Class  C. 

Optional  extended  processing  to  MIL-STD-883,  Class  B  is  available  for  all  AMD  integrated  circuits.  Parts  procured  to  this  screening 
are  marked  with  a  "-B"  following  the  standard  part  number,  except  that  linear  100,  200  or  300  series  are  marked'7883B". 

All  molded  integrated  circuits  receive  Class  C  screening  except  that  centrifuge  and  hermeticity  steps  are  omitted  for  solid-package 
parts. 


Test  Method  5005  defines  qualification  and  quality  conformance  procedures.  Subgroups,  tests  and  quality  levels  for  each  class  are 
given  for  Group  A  (electrical),  Group  B  (mechanical  quality  measurements  related  to  the  user's  assembly  environment),  Group  C 
(die  related  tests)  and  Group  D  (package  related  tests).  Group  A  tests  are  always  performed;  Group  B,  C  and  D  may  be  specified  by 
the  user.  Tables  I,  II,  III  and  IV  give  standard  test  groupings  and  quality  levels  for  Class  B  screened  devices.  These  quality  levels  are 
used  as  a  minimum  for  all  tests  for  either  Class  B  or  Class  C  parts. 
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MANUFACTURING.  SCREENING  AND  INSPECTION 
FOR 

INTEGRATED  CIRCUITS 


All  integrated  circuits  are  screened  to  MIL-STD-883,  Method  5004,  Class  C;  quality  conformance  inspection  where 
required  is  performed  to  Class  B  quality  levels  on  either  Class  B  or  Class  C  product. 

All  full-temperature-range  (-55°C  to  +125°C)  circuits  are  manufactured  to  the  workmanship  requirements  of  MIL-M- 
38510. 

The  flow  chart  identifies  processing  steps  as  they  relate  to  MIL-STD-883  and  MIL-M-38510. 


HERMETIC  PACKAGE 
PROCESS 


STANDARD  PROCESSING 
CLASS  C 
Steps  1  Through  25 


MOLDED  PACKAGE 
PROCESS 


INSPECTION 

Purchased  or  fabricated  starting  materials  are  inspected  for  conformance 
to  specified  requirements.  Inspection  follows  written  procedures,  and 
records  are  analyzed  for  supplier  quality  negotiations. 

WAFER  FABRICATION 

Repeated  masking,  etching  and  diffusion  processes  produce  finished  dice 
in  wafer  form. 

IN-PROCESS  INSPECTION 

Each  wafer  is  inspected  prior  to  irreversible  process  steps. 

FINISHED  WAFER  INSPECTION 

Sample  wafers  from  each  finished  diffusion  lot  are  inspected  to  confirm 
lot  quality  before  release  for  test  and  assembly. 


i 


WAFER  ELECTRICAL  TEST 

Electrical  probe  test  of  every  die.  A  computer-controlled  system  measures 
static  and  dynamic  parameters  and  identifies  dice  that  do  not  meet 
electrical  requirements. 

DIE  SEPARATION 

Wafers  are  separated  into  individual  dice  and  electrical  rejects  are  removed. 

VISUAL  INSPECTION 

Separated  dice  are  inspected  and  selected  at  high  magnification. 

QUALITY  INSPECTION 

Decisions  at  the  100%  inspection  are  reviewed  through  periodic  random 
sampling,  confirming  product  quality  and  revealing  any  need  for  operator 
retraining. 


DIE  ATTACH 
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10 


11 


12 


0 


13 


14 


15a 


15b 


16 


QUALITY  INSPECTION 

Strength  of  die  attachment,  position  of  die  and  visual  quality  of  eutectic 
wetting  are  confirmed  periodically  by  inspecting  random  samples  and 
push-testing  the  attached  dice. 


WIRE  BOND 

Hermetic: 
Molded: 


Aluminum  wires,  ultrasonic  bonding. 
Gold  wires,  thermocompression  bonding. 


QUALITY  INSPECTION 

Weld  strength,  bond  size  and  position,  wire  dress  and  general  workmanship 
are  confirmed  periodically  by  comparing  random  samples  with  assembly 
instructions  and  quality  standards.  Bond  strength  is  plotted  on  statistical 
control  charts,  providing  early  warning  of  process  drifts. 

INTERNAL  VISUAL  INSPECTION 

Assembled  but  unsealed  units  are  individually  inspected  at  low  and  high 
power. 

QUALITY  STANDARDS: 

All  devices  -  Ml L-STD-883,  Method  2010,  Condition  B  (latest  revision). 
Full  temperature  devices  -  MIL-M-38510,  Para.  3.7  for  workmanship  (re- 
bonding  limits). 

QUALITY  INSPECTION 

Decisions  at  the  100%  inspection  are  reviewed  through  periodic  random 
sampling,  providing  confirmation  of  product  quality  and  revealing  any 
need  for  operator  retraining. 

FINAL  SEAL 


(Hermetic  devices) 

ENCAPSULATE 

(Molded  Devices) 
HIGH  TEMPERATURE  STORAGE 

MIL-STD-883,  Method  1008,  Cond.  C:    150°C,  24  hr 
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TEMPERATURE  CYCLE 

MIL-STD-883,  Method  1010,  Cond.  C:    -65°C,  +150°C,  10  cycles 


18 


19 


20 


CENTRIFUGE 

MIL-STD-883,  Method  2001,  Cond.  E:    30,000  G 

SEAL  (HERMETICITY)  TEST 

MIL-STD-883,  Method  1014,  Cond.  AorB:  Fine  Leak 
MIL-STD-883,  Method  1014,  Cond.  C2:    Gross  Leak 

ELECTRICAL  TEST 

MIL-STD-883,  Method  5004,  Para.  3.1.12:  Static,  dynamic,  functional 
tests  at  25°C  or  in  certain  products  at  the  most  critical  extreme  tempera- 
ture to  assure  accuracy  of  device  selection. 


0 
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21 


22 


23 


24 


25 
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QUALITY  GROUP  A  ELECTRICAL  TEST  (TABLE  I) 

MIL-STD-883,  Method  5005.  See  the  table  below.  Quality  levels 
as  defined  for  Class  B  are  applied  to  both  Class  B  and  Class  C 
parts.  Proven  correlations  supported  by  periodic  reconfirma- 
tion may  be  used  for  some  parameters. 

MARK,  INSPECT,  PACK  FOR  SHIPMENT 


QUALITY  INSPECTION,  PRE-SHIPMENT 

Confirmation  of  marking,  physical  quality,  and  product  identity. 

QUALITY  INSPECTION  FOR  SHIPMENT  RELEASE 

Confirmation  of  product  type,  count,  package. 
Confirmation  of  completion  of  all  process  requirements. 
Confirmation  of  required  documentation. 

SHIP  TO  CUSTOMER 

This  AMD  standard  product  meets  screening  requirements  of 
MIL-STD-883,  Class  C. 


0 


GROUP  A  ELECTRICAL  TESTS 
From  MIL-STD-883,  Method  5005.  Table  I 


Subgroups 

LTPD 
(Note  1) 

Initial 
Sample  Size 

Subgroup  1  — 

Static  tests  at  25°  C 

5 

45 

Subgroup  2  — 

Static  tests  at  maximum  rated  operating  temperature 

7 

32 

Subgroup  3  — 

Static  tests  at  minimum  rated  operating  temperature 

7 

32 

Subgroup  4  - 

Dynamic  tests  at  25°  C  —  Linear  devices 

5 

45 

Subgroup  5  — 

Dynamic  tests  at  maximum  rated  operating  temperature  -  Linear  devices 

7 

32 

Subgroup  6  — 

Dynamic  tests  at  minimum  rated  operating  temperature  —  Linear  devices 

7 

32 

Subgroup  7  - 

Functional  tests  at  25CC 

5 

45 

Subgroup  8  — 

Functional  tests  at  maximum  and  minimum  rated  operating  temperatures 

10 

22 

Subgroup  9  - 

Switching  tests  at  25JC  —  Digital  devices 

7 

32 

Subgroup  10 

-  Switching  tests  at  maximum  rated  operating  temperature  -  Digital  devices  (Note  2) 

10 

10 

Subgroup  1 1 

-  Switching  tests  at  minimum  rated  operating  temperature  —  Digital  devices  (Note  2) 

10 

10 

1.  Sampling  plans  are  based  on  LTPD  tables  of  MIL-M-38510.  The  smaller  initial  sample  size,  based  on  zero  rejects  allowed,  has  been  chosen 
unless  otherwise  indicated.  If  necessary,  the  sample  size  will  be  increased  once  to  the  quantity  corresponding  to  an  acceptance  number 
of  2.  The  minimum  reject  number  in  all  cases  is  3. 

2.  These  subgroups  are  usually  performed  during  initial  device  characterization  only. 
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OPTIONAL  EXTENDED  PROCESSING 
CLASS  B 
Steps  101  Through  110 

Advanced  Micro  Devices  offers  several  extended  processing  options  to  meet  customer 
high-reliability  requirements.  These  are  defined  in  AMD  document  00-003.  The  flow  chart 
below  outlines  Option  B,  a  160-hr.  burn  in.  Military  temperature  range  devices  processed  to 
this  flow  (in  the  left  column)  meet  the  screening  requirements  of  MIL-STD-883,  Class  B. 


MILITARY  RANGE 
HERMETIC  PACKAGES 


101 


102 


103 


104 


105 


106 


107 


108 


109 


110 
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COMMERCIAL  RANGE 

HERMETIC  OR 
MOLDED  PACKAGES 


BEGINNING  MATERIAL 

Standard  product  taken  after  completion  of  step  20  (electrical  test) 

BURN  IN 

MIL-STD-883,  Method  1015:  160  hr,  125°C,  or  time-temperature  equiva- 
lents as  allowed  by  Method  1015. 

FINAL  ELECTRICAL  TEST 

MIL-STD-883,  Method  5004. 

Military:  Testing  subgroups  as  defined  for  Class  B.  Static  and  functional 
at  3  temperatures,  dynamic  or  switching  at  room  temperature. 
Commercial:  Repeat  step  20. 

QUALITY  GROUP  A  ELECTRICAL  SAMPLE  (TABLE  I) 

MIL-STD-883,  Method  5005  and  Table  I.  Quality  levels  as  defined  for 
Class  B. 

QUALITY  CONFORMANCE  TESTS,  GROUPS  B,  C,  AND  D 

MIL-STD-883,  Method  5005.  Sample  life  and  environmental  tests  if  re- 
quired by  purchase  order.  Further  information  on  specifying  this  is  given 
in  AMD  document  00-003. 

DATA  PREPARATION  AND  REVIEW 


MARK,  INSPECT,  PACK  FOR  SHIPMENT 

Standard  AMD  parts  with  this  burn-in  option  are  marked  with  "-B"  after 
the  part  number,  except  that  linear  100,  200  or  300  series  are  marked 
"/883B". 

QUALITY  INSPECTION,  PRE-SHIPMENT 

Confirmation  of  marking,  physical  quality,  and  product  identity. 

QUALITY  INSPECTION  FOR  SHIPMENT  RELEASE 

Final  review  of  shipment  against  order. 

SHIP  TO  CUSTOMER 

Military  temperature  range  parts  meet  screening  requirements  of  MIL- 
STD-883,  Class  B. 


o 
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OTHER  OPTIONS 


Document  00-003,  "Extended  Processing  Options",  further  defines  Option  B  as  well  as  other 
screening  or  sampling  options  available  or  special  order.  Available  options  are  listed  here  for 
reference. 


Option  Description  Effect 


A 

Modified  Class  A  screen 
(The  AMD-A  program) 

Provides  space-grade  product,  fol- 
lowing most  Class  A  requirements 
of  MIL-STD-883,  Method  5004. 

B 

160-hr  operating  burn  in 

Upgrades  a  part  from  Class  C 
to  Class  B. 

X 

Radiographic  inspection  (X-ray) 

Related  to  Option  A.  Provides 
limited  internal  inspection  of 
sealed  parts. 

S 

Scanning  Electron  Microscope 
(SEM)  metal  inspection 

Sample  inspection  of  metal 
coverage  of  die. 

V 

Preseal  visual  inspection  to 
MIL-STD-883,  Method  2010, 
Cond.  A 

More  stringent  visual  inspection 
of  assemblies  and  die  surfaces 
prior  to  seal. 

P 

Particle  impact  noise  (PIN) 
screen  with  ultrasonic  detection. 

Detects  loose  particles  of 
approximately  0.5  mil  size  or  larger, 
which  could  affect  reliability  in 
zero-G  or  high  vibration  applications. 

Q 

Quality  conformance  inspection 
(Group  B,  C  and  D  life  and 
environmental  tests) 

Samples  from  the  lot  are  stressed 
and  tested  per  Method  5005. 
The  customer's  order  must  state 
which  groups  are  required. 
Group  B  destroys  16  devices; 
Group  C,  92  devices;  Group  D, 
60  devices. 

Document  15-010  Rev.  D,  July  1.  1977  (editorial  changes  to  clarify  options) 
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SALES  OFFICES  AND  REPRESENTATIVES 

SOUTHWEST  AREA 


J.  CA9S014 
Tel  (4081446-2700 
TELEX  34-6306 
TWX  910-339-9280 


Bldg  6.  Penthouse 
Suite  0 

Denver.  CO  80221 
Tel  (3031  *T  


Mi  DAT  L  ANTIC  AREA 


TWX  910-931-2562 


1  Plaza  Dnve,  Suite  420 
Schaumburg.  IL  60195 
Tal  (312ISB2-8660 
TWX  910-291-3589 

Advanced  Micro  Devices 

8009  34lh  Ave.  S. 
Bloomington,  Minnesota  55420 
Tel  (812)  854-8500 
[612)  BS4-6520 

Advanced  Micro  Devices 

Commerce  Center 

i  Professional  Plaza 


NORTHEAST  AREA 
Advanced  Micro  Devi c 

300  New  Boston  Par* 


SOUTHEAST  AREA 


Roslyn  Heights. 
Tel  (516)484-4! 
(516)  484 


1  777  No  Central  E.pv 

Delias.  Te.as  7S243 
Tel  1214,234-5886 
TWX  910-867-4795 


_.  N  Y  11577 
_  1-4990 
464-4991 
0-223  0649 

Advanced  Micro  Devices 

6B0fi  New  I)  rook  Ave. 

E  Syracuse.  NY  13057 
Tel  1315)  437-7546 
TELEX  93-7201 

Advanced  Micro  Devices 

2  Kilmer  Road 
Edison,  New  Jersey  06817 
Tel  (201)  J 


Tel  (617)  333  1234 


1001  NW  62nd  Slreel 
Suite  300L 

Ft  Lauderdale.  FL  33309 
Tel  (305]  771-6510 
TWX  510-955  9490 


in  48150 
Tal  (313)425- 3440 
TWX  810-242-8777 


International  Sales  Representatives  and  Distributors 


BELGIUM 

id  Micro  Devices 
412.  Avenue  de  Tervuren 

BP.  9 

1  50  Brussels.  Belgium 

T8I  I02i  771  9993 
TELEX  6102B 

FRANCE 


AUSTRALIA 

A  J  Ferguson  Ply  Ltd 
44  Prospect  Rd 


Advanced  Micro  Devices 
■ "    o  Eieklrontk  GmbH 
rog-Heinncn-Slrasse  3 
MO  Muncfien  2 
West  Germany 

Tel:  Sammel-Nr :  (0  89)  539588 
TgLEX  0-523883 
Advanced  Micro  Devices 
Mikro  Elektronik  GmbH 
Buro  NorMeutschland 
Eutenktugstrasse  8!  E 
D-2000  Hamburg  67 
West  Germany 
Tal  0*0-6030595 
TELEX  0-2174388 


sn-Le-cht-Slrasse  120 
JOO  Sluttgart-Vaihingen 
si  Germany 
I  0711-681001 


Heoetslrasse  16 
D-8000  Mun,ch  B3 
West  Germany 
Tel  (0891602088 
TELEX  0-522545 


Crows  Nest  NSW  2065 
Sydney.  Australia 
Tel  4395488 
TLX  (790)  25468 

AUSTRIA 

Elbate.  GmbH 
Breitenlurtherstr.  381 
A-1235W.erv  Austria 
Tel  B69158 


BELGIUM 

MCA  Ttonrr 
62  Route  Du  Conckoz 
4200  Dugree  Belgium 
Tel  041-362780 
TELEX  420S2 


D  8000  Uuenchen  90 
Tel  089-644055 
TELEX  0-5245 
EBV-Eleklromk 
Ostslr  129 
D-4O00  Duesselflorl 
Tel  021I-B4B46 
TELEX  0-8S87267 


INDIA 

Zenith  Elecl  tomes 

541  Panchralna 

Mama  Parmanand  Marg 

%>nhiL  JIWUTJ 


FEGU 

260  Sheridan  Ave 
Palo  Ano.  CA  94306 
Tel  (4151  493-1786 
TELEX  345-599 

Su|ata  Sales  and  Exports  Ltd 
112  BaiaiBhavan 
Nanman  Point 
Bombay  21.  Indie 
Tel  3254275 
TLX  011-3655 

American  Componenls 
1601  Civic  Center  Drive 
Santa  Clara,  CA  95050 
CABLE  ELCOMP 
TLX  352073 


6  Butgwedel  1 
5139-4570 


8-3,  4-Chome.  hdabashi 
Cbiyoda-ku,  Tokyo  102  Japan 
Tel  1031264-3301 

Kanematsu-Densrir  K  K 
Takanawa  Bldg..  2nd  Floor 
19-26  3  C home  Takanawa 
Mmatoku  Tokyo  108  Japan 

Microtek  tnc 
tlo  Buikjrng 
7-9-17 
Nishishmjuku 

Shin|uku-Ku.  Tokyo  160  Japan 
Tel  03  363  2317 
TWX  J28497 

Dainrchi  Electronics 


KOREA 

Saturn  Trading  Limited 
5  Palo  Ado  Square 
3000  El  Cammo  Real 


Regula  S  A 
Av  Ramon  y  Ca|al  5 
Madrid- 16  Spain 
Tal  459  33  00 

459  33  04 

-i  =  S  S3  OP 
TELEX  42  207 

Juko  Urqup  12 
Bilbao  14  Spam 


Mykusstr  54 
D-6000  Frankiurt  1 
Tel  06H-720416 
TELEX  0-413590 

EBV-Eiekoon* 


Palo  Alio.  CA  94304 


D-7000  SWHaari  I 

Tal  0711-247B1 


Advanced  Electronic  ol  Denmark 


Advanced  Micro  Devices,  K  K. 
Dairn  ::  :iy  ,tma  Bldg  .  91h  Floor 
1-4.  3  Chome  Ntshi-Shmiuku 
S'liniumj  ku.  Tokyo  160  Japan 

TELEX  2324064 

UNITED  KINGDOM 

Advanced  Micro  Devices.  U.K.  Ltd 
i6Grosvenor  Place 
London.  S  W  1.  England 
Tel  .01  235-6380 

IOI )  235-8386 

(01 )  23S-6389 
TELEX  88-68-33 


DK-2000-Copenhagen 
Denmark 

Tel  (45)  (1)  19  44  33 

TLX  065  *  224  31  4  Advel  OK 


02210  Espoo  21 

Tel  (0)  8038976  or  882875 

TELEX  121926 


D-7100  Heilbronn 
West  Germany 
Tel  0713-89001 
TELEX  728-362 
Nordeleklronik  Verlriebs  GmbH 


Langensaal 8 
D  2300  Kiel  1 


Tel  (0431)21556 


40.  Rue  des  TiHeuts 
92100  Boulogne.  France 
It:  BOS  BB  « 
TELEX  AMM  200  491 


Ashwin  Enterpraes 
86  Din  Highway 
On  Hills 

New  York,  NY  11746 
Tel  (5161667-4819 

IRELAND 

ITT  Electronic  Services 
142  Phibsborough  Rd 
Phibsbo  rough 


ISRAEL 

Talvitan  Electronics 
PO.  Bo.  2H04 
9,  Bittmor  Slreel 
Tel  Aviv.  Israel 
Tel  444572 
TELEX  VITKO  33400 

ITALY 

tnOelcoSr  I 
Via  C  Colombo 
00147  Rome.  Italy 
Tel:  513  3041 
TELEX  58233 


Sindo  Building 

65-4.  2  Kb.  Chung  Mu  Ro 

Cbung-ku.  Seoul  -  Korea 

Tal  777-2325 

TLX  K26453  NAMSTRA 


NORWAY 

A  S  Kjell  Bakke 
Nygata  48 
P.O.  Bo.  143 
201 1  Stroemmen 
Norway 

Tel  (02)  715350 
71 5351 
TLX  19407 

SOUTH  AFRICA 

South  Continental  Device 

Suite  S!6,  5th  Floor 

Randover  House 

Cor  Hendnk  Venroeid 

Dover  Rd   Ranburg  T«i 

PO  Bo.  5642T   

South  Atnca 
Tel  48-0515 
TELEX  83324 

SOUTH  AMERICA 


Svensk  TeieirWuslry 
Bo.  502 

162  05  Vailingby.  Sweden 


SWITZERLAND 

Kurt  Hill  AG 
Thurgaueult  74 
CH-B048  Zuench 
Tel  00411-512121 
TELEX  0045-53461 

TAIWAN 

Muititech  Inter  national  Corp 
2nd  Root 

977MinSHenE  Road 
Taipei,  105  Taiwan,  ROC 
Tel  768-1232 
CABLE  MULTIIC 

UNITED  KINGDOM 

Dage  International  Lid 
Eurosem  Division 
Haywood  House 
High  Street 

Pinner.  Middlese-  HA550A  England 
Tel  01-868  0024 
TELEX  24506 


_._  England 
Tei  Sunbury  1 76}  85577 


73.  Av  Ch  De  G. 
92202  Neuilly-sur-Seme 
Tel  747-11-01 
TELEX  611985 

Ropel  S.A. 
Department  Cesime 
Allee  de  la  RochelJe 
Centre  Commercial  NBR  3 
91300  Massy  Est 

Tel  (11920  82  89 
TLX  220429 


T  Electronic  Services 


Tel  04120-24200 
04120-27574 
TELEX  50835 


Suile  1212 

363  Nathan  Road 

i.  Hong  Kong 


Sliin|uku-ku,  Tokyo  160  Japan 
Tet  (03)  265-9416 
TELEX  (7B1)  22180 


Harlow.  Esse 
CM20  2DE 
England 


Kohraku  Building 
1-8.  l-Chome.  Koraku 

Tet  (03IB13-6876 


SPAIN 

Electronic  Services  S  A 
Adv  de  Ramon  y  Cat*  5 


I  Semiconductors  I  Ltd 
Slack  Lane 

Derby  DE33ED  England 
Tet  Derby  32651 
TELEX  37183 


455  Aldo  A.  

Sanla  Cla-a  Lahiornia  95050 
Tel  14081985-0400 
TWX  910-338-0192 


U.S.  and  Canadian  Sales  Representatives 

CANADA  (Weslern) 

Venture  Eleciron.cs 
PO  Bo.  3034 


Shipping 

1645  Rambling  Lane 
Beilevue.  Washington  98004 

COLORADO 

R*  Marketing 
P  O  Bo.  S54 
Parker.  Colorado  801 34 
Tel  (;*03)  841-5822 


CONNECTICUT 

Scientific  Componenls 
350  South  Mam  Street 
Chestme  Connecticut  06410 

Tel  12031  272-2160 


FLORIDA 

Conley  (*  ... 
PO  Bo.  309 
235  Soulh  Central  Ave 
Oviedo.  Florida  32765 
Tel  (305)  385-3283 
TWX  810-856-3S20 

Conley  &  Associates.  Inc 
1612  N  W  Second  Ave 
P  0  Bo.  700 
Boca  Raton.  Florida  33432 
Tel  1305)  395-6108 
TWX  510-953-7548 


ILLINOIS 

Oasis  5ales.  Inc 
2250K  Landmeier  Road 
Elk  Grove  Village  Illinois  & 


Bes  ronics  Inc 
7827  Convoy  Court 

Sa*Otego  C 


.NADA  (Eastern) 

a  Electronics 
. .  SI  Cow  vertu 
Suit  210 

lurenl  Quebec 
Canada  H4R  1 V4 
il  514)331-7393 
■'.EX  05  821762 
"  "  '  "2-3908 


C-S  Electronic  Sales.  Inc 
2122-A  Miam.  Street 
South  Bend.  Indiana  46613 
Tel  1219)  291-6258 
TWX  810-299-2535 
C-S  Electronic  Sales,  inc. 
1157  8  Soulh  Jackson 
Frankfort  Indiana  46041 
Tel  (317)659-1874 

IOWA 

Lorenz  Sales,  Inc 
Surte  302  E.ecul.ve  Plaza 
4403  Fi-W  Avenue.  S  E 
Cedar  Rapids.  Iowa  52402 
Tel  (319)393-6912 


2420  Burton  Drive.  S  E 
Grand  Rapids.  Michigan  49506 
Tel  (616)  942-2504 


F_  _rH  Sales  Corp 
B2  Fair  Stteet 
Kingslon  New  York  12401 
Tel  1914)338-5505 
TWX  510-247-1941 


NORTH  CAROLINA 


ML 


...  19510 

in.  North  Carolina  'wisi 
'19)  781  1100 


OHIO 

Dolluss-Root  6  Co 
19035  Detroit  Road 


CkjHuss-Rool  &  Co 
354  S.lvenree  Lane 
Cenlerville,  Oho  45459 
Tel  (513)  433-6776 


Electronic  Manufacturers  Agents 
11701  Fo.  Foid  Drive 
Kno.v.ne  Tennessee  37922 
Tet  1615)966  1286 

TEXAS 

Boris et-Philhowet  Sales 
13777  N  Central  E.pressway 
Suite  212 

□alias.  Te.as  75243 
Tel  I214)  234  8438 


UTAH 

3688  W  2100  SO 
Sail  Lake  Crty  Utah  84120 
Tel  (8011972  5646 
TWX  910-925  5607 


n*. 


Toronto  Ontario  Canada  M9C  1A3 
t.i  jiGj  enop 
TELtX  06967-Bet 


751 5  North  Armenia  Avenue 
Tampa.  Florida  33604 

Tel  1813)  933-1759 


New  York  12919 


Elecironic  Manufacturers  Agents 
2800  Forest  Vale  Lane 
Suite  VI 

Norcross,  Georgia  30093 
Tet  (404(448-2921 


Kebco  Manuiacturer*. 
9813  England 
O.Pil.in.l  P.i.k  Krtdsa*, 
Tel  (913)  649-1051 


MARYLAND 

Burgm-Kreh  Associates.  Inc 
6100  Baltimore  National  Pike 
Bailimore  Maryiano*  2 1 228 
Tel  (301)  788-5200 
TWX  710-862-1450 


Brighton  Michigan  481 
Tel  13131227-1786 
TWX  B10-242  151B 


TWX  510-253-7BB5 

Ossmann  Component  Sates  Corp 
154  Pickard  Building 
Syracuse  New  York  13211 
Tel  131  SI  455-6611 
TWX  710-541-1522 


Ossmann  Component  Sales  Corp 
5150  Genesee  Street 
BowmartsviUe  N  V  14026 
Tel  (716)681  9700 
TWX  710  263-1389 

Ossmann  Component  Sales  Corp. 
191 T  Vestal  Parkway  East 
Vesla:  New  York  13850 
Tel  (607)  785-9949 
TWX  510-252-1987 


(Weslern) 

Baton  Electronic  Sales 
115  Soulh  High  Slreel 
Waierlord,  Pennsylvania  16441 
Tel  (B14  )  796  2361 


F1  Washington.  Pennsylvania  1! 
Tei  (215)646-7535 


Burgin  KreTi  Associates  inc 
P  O  8o»  268 
12  Skybne  Dr 
Kingston  Heights. 
Kingston.  TN  37763 
Tel  IB151  690-6100 


Burgm-Kreh  A: 
P.O.  Bo.  2557 
Memorial  Professional  Bldg 
251 1  Memorial  Ave 
Lynchburg.  Viiqin.a  2J501 
Tel  (804)  846  5600 


?&4S°Rtmbkng  Lane 
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